oL. 35 


MROICAL LIBRARY 
FEBRUARY, 1950 








The Journal 


of 
Laboratory and Clinical 


Medicine 


The Official Publication of the Central Society for Clinical Research 


Clinical and Experimental 


Protein Alteration in Portal Cirrhosis as Determined by Electrophoresis. John F. 
Whitman, M.D., H. R. Rossmiller, M.D., and Lena A. Lewis, Ph.D., Cleve- 
land, Ohio 


Systemic and Portal Venous Pressures in Cirrhosis of the Liver. Charles S. David- 
son, M.D., Thomas B. Gibbons, M.D., and William W. Faloon, M.D., Boston, 


In Vitro Sensitivity of Coliform Bacilli to Seven Antibiotics (Penicillin, Streptomycin, 
Bacitracin, Polymyxin, Aerosporin, Aureomycin, and Chloromycetin). Paul 
F, Frank, M.S., Clare Wilcox, and Maxwell Finland, M.D., Boston, Mass. ____ 


In Vitro Sensitivity of Bacillus Proteus and Pseudomonas Aeruginosa to Seven 
Antibiotics (Penicillin, Streptomycin, Bacitracin, Polymyxin, Aerosporin, 
Aureomycin, and Chloromycetin). Paul F. Frank, M.S., Clare Wilcox, and 
Maxwell Finland, M.D., Boston, Mass. 


The Treatment of Pneumococcic Pneumonia With Aureomycin. Harry F. Dowling, 
M.D., Mark H. Lepper, M.D., Hugh H. Hussey, M.D., Eston R. Caldwell, 
Jr., M.D., and Harold W. Spies, M.D., Washington, D. C, __-_--____________ 


Studies on Rheumatic Fever. Harold G. Nelson, M.D., and Lieutenant Commander 
John R. Seal, Medical Corps, United States Navy \ 


The Influence of Urinary pH on the Renal Excretion of Salicyl Derivatives During 
Aspirin Therapy. William S. Hoffman, M.D., Ph.D., and Catherine Nobe, 
I I NS gig saci i anc iaccs mag eltih a chs a sib cslgincce ehehionia enalshew ap seapoiesdgMicecon ap aeaa et acest 


The Comparative Effects of Water, Carbonated Water, Sodium Chloride Solution, 
and Sodium Bicarbonate Solution on Gastric Acid Secretion in Human Sub- 
jects. Edward H. Hale, M.D., A. C. Ivy, M.D., Ph.D., and M. I. Grossman, 
M.D., Ph.D., Chicago, Oe scl epmntnngwied teietacaine Bate 


A Clinical Study of the Use of Nitrogen Mustard Therapy in Polycythemia Vera. 
Charles L. Spurr, M.D., Taylor R. Smith, M.D., Matthew Block, M.D., and 
Leon O. Jacobson, M.D., Chicago, Ill. _.._..---_--_----_-----2 222 


Progesterone and Anhydrohydroxyprogesterone: A Comparative Study of Oral 
Administration. William Bickers, M.D., Richmond, Va. 


Acute Effect of 4-Aminopteroylglutamic Acid on Blood Lymphocytes and the 
Lymphatic Tissue of Intact and Adrenalectomized Mice. Jean H. Dougherty, 
M.D., and Thomas F. Dougherty, Ph.D., Salt Lake City, Utah 


Artifactual Values of Serum Precipitable Iodine. Evelyn B. Man, Ph.D., and John 
P. Peters, M.D., New Haven, Conn. 


(Contents continued on inside front cover) 


Published by THE C. V. MosBy Company, Sr. Louis 3, Missouri 


167 


181 








Copyright 1950 by The C. V. Mosby Company 











Contents—(Continued from front cover) 


Effects of Pyribenzamine on the Respiration of Mouse Brain Homogenates. Theo- 
-~—" Hubbard, B.S., M.D., and Leo R. Goldbaum, B.S., M.S., Washington, 


Cardiac Lesions Following Venous Catheterization of the Right Auricle and 
Coronary Sinus of Dogs. William G. Banfield, M.D., Donald B. Hackel, 
M.D., and Walter T. Goodale, M.D., Army Chemical Center, Md. -_-------- 


Laboratory Methods 


Simple Spectrophotometric Determination of Ethanol in Blood by Diffusion in an 
Autoclave. George R. Kingsley, M.S., and Hazel Current, B.S., Los Angeles, 
Calif. 294 

Preservation of Rh Agglutinating Antiserum With Sodium Azide. H. C. Batson, 
Ph.D., Martha Jayne, B.S., and Martha Brown, B.A., Washington, D. C. _-___ 297 

The Preservation of Sheep Cells for Heterophile Antibody Determinations. Alfred 
De RR ge NR 2 RAR ged cc se ND 300 

A Simple Modification of the Middlebrook and Dubos Hemagglutination Test for 
Serum Antibodies to Products of Tubercle Bacilli, Nancy B. Scott, M.A., 
ete Serene; SUR, = RIOR, OS Ms ee eek 303 

A Liquid Medium Composed of Dehydrated Ingredients for Culture of Endamoeba 
Histolytica Associated With a Single Bacterium. Eder L. Hansen, Ph.D., 

San Francisco, Calif. 308 

A Method for Securing Uniformly Mixed Poured Petri Plates by Mechanical Means. 
Leon Buchbinder, Ph.D., and Elizabeth Dillon, New York, N. Y. 313 

A New Vital Stain for Malignant Cells in Vaginal Secretions. Locke L. Mackenzie, 
M.D., and Dorothea Fuller, B.S., M.A., New York, N. Y 

An Apparatus for Exercising a Patient in the Recumbent Position. Gerald J. Bron- 
fin, M.D., Sidney H. Dressler, M.D., and A. Ravin, M.D., Denver, Colo. ___- 

Pyruvic Acid Determination: A Micromethod. Makepeace U. Tsao, Ph.D., and 
Shirley Brown, M.S., Ann Arbor, Mich. 

A Suction Tube for the Collection of Respiratory Gases Under Diverse Conditions. 

C. A. Forssander, M.D., Philadelphia, Pa. 

Effect of Refrigeration on the Ehrlich Reaction in the Urine. 

B.S., Bayreuth, Germany 





CLAYTON G. LOOSLI, M.D. 


University of Chicago School of Medicine 
950 East 59th Street 
Chicago 37, Illinois 


Board of Editors 


WILLIAM BEAN, M.D. EDGAR 8. GORDON, M.D. 
Tniversity of Iowa, Iowa City University of Wisconsin, Madison 


LEON 0O. JACOBSON, M.D. 


KENNETH M. BRINKHOUS, M.D. University of Chicago, Chicago 


University of North Carolina 
Chapel Hill DOUGLAS A. MacFADYEN, M.D. 


Presbyterian Hospital, Chicago 
GEORGE E. BURCH, Jr., M.D. 
Tulane University, New Orleans CARL V. MOORE, M.D. 
Washington University, St. Louis 
JEROME W. CONN, M.D. 


‘ A IRVINE H. PAGE, M.D. 
University of Michigan, Ann Arbor Cleveland Clinic, Cleveland 


CHARLES A. DOAN, M.D. WESLEY W. SPINK, M.D. 
Ohio State University, Columbus University of Minnesota, Minneapolis 


E. M. K. GEILING, M.D. CECIL J. WATSON, Ph.D., M.D. 
University of Chicago, Chicago University of Minnesota, Minneapolis 





Vol. 35, No. 2, February, 1950. The Journal of Laboratory and Clinical Medicine is published 
monthly by The C. V. Mosby Company, 3207 Washington Blvd., St. Louis (3), Mo. Subscrip- 
tion Price: United “eee its possessions, Pan-American Countries, $10.00 per year; Canada, 
$11.00; Foreign, $11.00. Subscriptions to medical students, interns and residents, half price. 
Entered as Second-Class Matter, October 8, 1915, at the Post Office at St. Louis, Missouri, under 
Act of March 3, 1879. Printed in the U. S. A. 





PROTEIN ALTERATION IN PORTAL CIRRHOSIS AS DETERMINED 
BY ELECTROPHORESIS 


JOHN F. WuHitMan, M.D., H. R. Rossmituter, M.D., aNp LeNA A. LEWIS, PH.D. 
CLEVELAND, OHIO 


Hk function of the liver in the processes of protein metabolism is well 

established and is becoming increasingly important in clinical medicine with 
the accumulation of additional information. Our observations include a study 
of the electrophoretically determined protein changes in portal cirrhosis, a statis- 
tical comparison of these with normal values, and a correlation of the abnormal 
levels with the concomitantly determined results of other liver function tests. 

Methods of measuring serum proteins by precipitation or ‘‘salting out’’ have 
resulted in assumptions which must be revised to include the valuable data 
revealed by electrophoretic analysis. Chemically determined serum proteins 
differ from electrophoretic results in that somewhat higher average albumin and 
lower average globulin levels are obtained.' Total globulin levels may be within 
normal limits for plasma in which electrophoretic measurements show definitely 
altered values for individual globulin constituents. This situation is particularly 
true in early cirrhosis and in acute parenchymatous hepatic lesions. The altera- 
tion or inversion of the albumin-globulin ratio in liver disease has been consid- 


ered significant universally and the presence of hypoalbuminemia has been 
stressed,? but further investigation of the alteration of other fractions and the 


signifieanee of these changes seems warranted. 


MATERIALS AND METHODS 

Subjects.—Normal control values for the method were calculated on plasma from 
thirty-two individuals who were free of symptoms and abnormal physical findings and whose 
ages ranged from 20 to 48 years. The averages of these estimates, as listed in Table I, 
closely approximate those reported by Longsworth and co-workers,3 Moore and Lynn as 
cited by Abramson and co-workers, Gray and Barron,t Gutman,5 and Luetscher.¢6 

Thirty-nine patients with portal cirrhosis, ranging in age from 19 to 66 years, were 
‘bserved. Diagnoses were verified in nineteen of these by autopsy, biopsy, peritoneoscopy 
or laparotomy, and a moderately extensive though not uniform liver function test schedule 
vas accomplished in each case. 

Method.7—Fasting blood samples, oxalated with 1.5 mg. potassium oxalate per milliliter 
of blood, were used. Plasma was removed after immediate high-speed centrifugation and 
‘otal plasma nitrogen was determined by the Pregl’ modification of the micro-Kjeldahl 

ethod. If the blood urea nitrogen was within normal limits, a nonprotein nitrogen correc 
ion factor of 25 mg. per 100 ml. was used; if the blood urea nitrogen was elevated, the 
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nonprotein nitrogen was determined and the proper correction made. The value 6.25 was the 
protein factor used. Plasma was diluted with phosphate buffer of pH 7.8 and ionie strength 
0.16 so that the resulting protein concentration was 1.4 Gm. per 100 milliliters. The diluted 
plasma was dialyzed for seventy-two hours at approximately 3° C. in a cellophane sack against 
the phosphate buffer solution. After dialysis, the diluted plasma was centrifuged at high 


speed. The Tiselius® electrophoresis technique as modified by Longsworth!! was used. 
RESULTS 
Because of the extent of the record and the calculations involved, Table I 
is presented as a statistical summary of the electrophoretic analysis of the plasma 


from the thirty-two normal subjects. Means and range of values, standard 


3 x2) ' 
deviations (o -\ ——.—— ), and standard errors of the means (S.E. = ¢/VN) 
are listed. Table II includes the same observations for the group of thirty- 


TOTAL PLASMA PROTEIN 
CIRRHOSIS COMPARED WITH NORMAL 
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hine patients with portal cirrhosis and, further, the error of the difference 
hetween the means of the normal and cirrhosis groups (op = Vo? M, + o? M,) 
and the estimation of the degree of statistical significance of these differ- 
ences (D/aD). 

The results show the level of total plasma protein to be higher in patients 
With cirrhosis than in normal subjeets but the difference is not statistically 
significant (Fig. 1). Plasma albumin levels were notably lower in the group 
with cirrhosis and the degree of statistical significance was great (D/oD = 
‘9 in grams per 100 ml. and 15.35 in per cent of total protein as shown in 
Nig. 2). There was no significant difference in the a-globulin observations in 
(Fig. 3.) 


the two groups. 
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Differences in the levels of B- and y-globulin were definitely statistically 
significant. There were striking increases, both absolute and relative, in the 
amount of both fractions in plasma of cirrhotie patient—the difference in the 


y-globulin values was more striking, being almost doubled in amount over the 


PLASMA ALBUMIN 
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Fig. 3. 


normal averages. The degree of statistical significance of these B- and y-globulin 
rises was calculated at 6.48 and 7.89 in grams per 100 ml. and 7.14 and 8.32 
in per cent of total protein. (Figs. 4 and 5.) 

There is good evidence ' that fibrinogen production largely depends on 
the liver, although other sites of formation have been implieated."* 4 A de 
crease in the plasma fibrinogen levels has been reported incident to liver damag 
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experimentally induced by carbon tetrachloride, phosphorus,’®> and chloro- 
lorm,’® 1% 38 and following hepatectomy.'’® 2° The fibrinogen content of the 
biood has been further correlated with the degree of liver injury.?! 

In contradistinetion to these findings in experimental hepatic insufficiency 
in animals, there has been reported an increase of fibrinogen in the plasma of 
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NORMAL PORTAL CIRRHOSIS 
oO Dr 


Fiz. 7.—Demonstrating protein patterns in (@) a normal subject and (b) a cirrhotic patient 
Whose fractions closely approximated the mean values for the group. 


patients with portal cirrhosis*®® and our observations show a striking increase in 
the amount of the protein fraction having the mobility range of fibrinogen* in 
this disease. This rise is comparable in degree to the changes of B- and y-glob 
ulin and is illustrated in Fig. 6. Most of the published work on the electro 


*Because yi-globulin, which has been concentrated from normal human plasma, ha 
the same electrophoretic mobility as fibrinogen, an increase in the relative concentration otf 
this peak could conceivably be due to an increase in yi-globulin as well as to a fibrinogen rise 
The y-globulin normally represents only about 3 per cent of the total serum protein and i 
not a clearly defined peak. The term ¢-x,lobulin is used to indicate the electrophoretic pea! 
representing all fractions in the mobility range common to fibrinogen and yi-globulin. 
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phoretically determined protein changes in liver disease has been observation ot 
serum protein alteration, thus lacking a demonstration of protein in this mo- 
bility range which might be compared with ours. 

Increased amounts of B- and y-globulin and lowered albumin have become 
relatively commonly accepted as being part of the laboratory picture of portal 
cirrhosis. It appears, however, that all measured fractions except a-globulin 
are definitely altered in quantity, both relatively and absolutely, in this disease. 
The results of our analyses showed no distortion of the individual fraction 
peaks which might suggest the presence of an abnormal protein. Changes were 
interpreted as being simply quantitative and involving qualitatively normal 
protein fractions (Fig. 7, a and Db). 

The formation of protein-rich ascitic fluid in patients with cirrhosis is 
further evidence—whether cause or effect—of abnormal protein metabolism. 
Many investigators???’ have related ascites formation to hypoalbuminemia, but 
changes in other fractions have not been ineriminated. 

Of the thirty-nine cirrhotic patients, twenty-five (64 per cent) had physical 
findings indicating ascites. A comparison of the mean values of the plasma 
protein fractions in patients having cirrhosis and ascites with the same observa- 
tions in patients with cirrhosis lacking evidence of ascites is presented in Table 
[1l. In the ascitic group most of the values are lower—the total protein and 
albumin rather definitely so, the mean value of albumin being 2.78 Gm. per 
100 ml. or 80 per cent as much as the average for patients without ascites. The 
a- and B-globulins are also lower in the group with ascites but to a lesser extent. 
There is little variation in fibrinogen levels, but the y-globulin level in the group 
with ascites is distinctly elevated, being 45 per cent higher than in the non- 
ascitic group. 

Protein fractions were electrophoretically calculated on the ascitic fluid 
from four patients. The results, listed in Table IV, were widely variable. The 
ascitic fluid was relatively richer in albumin than plasma from the same patient 
in each instance, and the mean value (expressed in per cent of total protein) 
was 10 per cent greater than the mean for all patients with cirrhosis. There 
was relatively less a-, B-, and ¢-globulin in ascitic fluid than in the respective 
patient’s plasma or than the mean for all patients with cirrhosis. The y-globulin 
means were approximately the same, but two patients had higher and two had 
lower y-globulin in ascitie fluid than in plasma. 

The lowered plasma albumin in patients with cirrhosis results in lower on- 
cotie pressure, which may aid in the development of ascites. This albumin 
deficit is probably also the stimulus for abnormal increases in other protein 
‘ractions—most noticeably those in the mobility range of y-globulin. The find- 
ing of a relatively richer albumin in all and increased y-globulin in two of the 
‘our ascitic fluids analyzed and of relatively lower a-, B-, and ¢-globulin in these 
specimens may be indicative of an elective protein inclusion based on the molee- 
ular weight of the protein components. Current estimates of the molecular 
weights indicate that they increase in the order: albumin, y-globulin, a,-globulin, 
«-globulin, fibrinogen, and B-globulin.*° 
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There has been extensive experimental research into the relationship of 
specific protein fraction alteration with the results of some of our more recent 
liver function tests. Our observations include the attempt to determine possible 
reciprocity between plasma protein changes and the results of the thymol tur- 
bidity reaction, the cephalin-cholesterol flocculation test, and the bromsulfalein 
excretion test. The correlation with the prothrombin concentration and the de- 
vree of icterus was also analyzed. 

Much diversity of opinion, and even of laboratory evidence, exists concern- 
ing the protein fractions which may be involved in the thymol turbidity reaction 
and of the effects of certain aspects of lipid metabolism in the test. Maclagan** 
in 1944 incriminated y-globulin; Hanger and associates** held that the reaction 
was more dependent on the a- and B-globulin fractions; Kunkel and Hoagland*® 
presented data which argued for y-globulin responsibility; and Cohen*’ pre- 
sented convincing evidence identifying B-globulin as the important fraction. 

The thymol turbidity reaction was determined in twenty-two patients. 
Findings of 4 units or more were considered positive and were found in eleven 
patients—precisely 50 per cent. Mean values for the protein fractions of the 
eleven patients having positive tests are compared with the eleven negative 
reactors in Table V. Somewhat higher total protein and lower albumin values 
were found in the positive group. The calculations for a- and ¢-globulin were 
very similar in the two groups, and the B-globulin was slightly increased in the 
group with positive reactions. The most striking difference is in the y-globulin 
levels where the mean of the positive group exceeds that of the negative by more 
than 40 per cent. The significance of this observation has not been further in- 
vestigated. 

Comparing the mean values of protein fractions of patients who had 
cephalin-cholesterol flocculation reactions of 1 unit or less with those having 
reactions of 2 or more units results in a conclusion similar to the analysis of 
the thymol reactions. Eighteen patients were tested, nine having reactions 
interpreted as negative and nine having positive results. As shown in Table VI, 
there is very little difference in total protein, a-, B-, and ¢-globulin. The signifi- 
cant observations seem to be a moderate decrease in the amount of albumin and 
a distinct increase in the y-globulin in the group with positive tests. There is 
approximately 22 per cent more albumin in the negative group and 80 per cent 
more y-globulin in the cephalin-cholesterol flocculation positive reactions. It 
appears that the decrease in albumin and the, perhaps compensatory, increase in 
y-globulin are the changes most apt to be responsible for the cephalin-cholesterol 
‘loeeulation reaction, as has been previously implied by some investigators.*! 

It is incidentally interesting to observe that three patients with positive 
thymol reactions had negative cephalin-cholesterol flocculations and two had 
positive cephalin-cholesterol flocculations who had negative thymol results. There 
were seven patients in whom both tests were positive and six in whom both were 

‘gative. 

Bromsulfalein excretion was observed in thirteen patients with icterie in- 
dices less than 10 units. Twelve of these patients had bromsulfalein retention 
in excess of 10 per cent. There were no sifinificant differences between the 
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mean protein values of these twelve patients and the means of the whole cirrho- 
sis group. Since the performance of this test depends on the excretory function 
of the liver cells and the activity of the reticuloendothelial svstem,** there is 
little reason to expect protein changes to be involved primarily. 

The presence of jaundice does not seem to alter protein significantly. There 
were only three patients who had icteric indices of less than 4 units, while thirty- 
four had higher indices. Fourteen patients had an index of more than 25 
units. Table VII summarizes the mean values of the protein fractions of each 
of the three groups with varying degrees of jaundice. This lack of effect of 
icterus on serum proteins has been observed in patients with obstructive jaun- 
dice.’ 

The changes in quantity of the protein fractions incident to decreasing 
prothrombin concentrations are shown in Table VIII. These alternations may 
simply reflect the effect of increased liver damage and have little direct reference 
to the amount of prothrombin present. There are rather severe decreases in 
albumin and increases in y-globulin as the prothrombin concentration decreases; 
the decrease in a- and £-globulin and increase in ¢-globulin in the group with 
lower prothrombin concentration are less noticeable. 


DISCUSSION AND SUMMARY 

The scope of the long-noted clinical and laboratory evidence of the effect 
of liver disease on protein metabolism was notably enhanced by the introduetion 
of the Tiselius apparatus in 1937. We have used this method to study the 
plasma and ascitic fluid proteins of patients with portal cirrhosis in an attempt 
to add more specific information about the alterations which result from this 
pathology and to relate these changes to the results of certain liver funetion 
tests which appear to be dependent on rather characteristic changes. 

1. A comparison of the plasma protein fractions of thirty-nine patients 
having cirrhosis with those of thirty-two normal subjects revealed statistically 
significant differences for all fractions except the a-globulin. The albumin was 
decreased while B-, y-, and ¢-globulins were increased. 

2. Plasma from patients with ascites contained 80 per cent as much albumin 
and 45 per cent more y-globulin than plasma from cirrhotic patients without 
ascites. Changes in other fractions were less pronounced. 

3. Ascitie fluid which was electrophoretically analyzed contained relatively 
more albumin than the same patient’s plasma. 

4. There was 40 per cent more y-globulin in the plasma from eleven patients 
with positive thymol turbidity tests than in that from the eleven patients hav 
ing negative reactions. 

5. Nine patients with positive cephalin flocculation reactions had y-globulin 
mean values 80 per cent higher than those of the group of nine with negativ: 
tests. The mean for albumin was 22 per cent higher in the negative group. 

6. The presence of jaundice did not seem to influence protein change. 

7. Lower albumin and higher y-globulin levels were associated with di 
pressed prothrombin concentration, 
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SYSTEMIC AND PORTAL VENOUS PRESSURES IN CIRRHOSIS OF 
THE LIVER 
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¥ SPITE of considerable investigation of the subjeet, the mechanism of the 
formation of ascites and edema in patients with cirrhosis of the liver has 
not been fully elucidated. Among the factors considered have been (a) dimin- 
ished plasma colloid osmotie pressure due to a lowered plasma albumin concen- 
tration,’ (b) altered permeability of the capillaries, (ec) failure to excrete sodium 
and water in the urine in a normal manner,” ° and (d) increase in the venous 
pressure in the inferior vena cava and portal vein. ° There is a paucity of 
data concerning the venous pressure in various locations of the body in cirrhosis 
of the liver, particularly in the portal vein. 

In the present study, direct measurements of the pressure in antecubital, 
femoral, and anterior abdominal veins were correlated with the extent of ascites 
and edema. In addition, the effect of abdominal paracentesis on the pressure 
in these veins was noted. A method for the indirect measurement of approxi- 


mate portal vein pressure is presented. 


CLINICAL MATERIAL AND METHODS 


Ten patients with chronic hepatie cirrhosis (alcoholic) were studied, eight with ascites 
and seven with edema. <All had clear-cut clinical and laboratory evidence of severe liver 
sease. In several instances the diagnosis was substantiated by punch biopsy of the liver. 


.9 


In addition, one patient with a ‘‘chocclate’’ cyst ef the ovary containing over 5 liters of 
luid was studied, Direct venous pressures were determined with the patient supine, using 
» phlebomanometer described by Winsor and Burch, and the precautions of technique they 
escribed were heeded.6 The ‘‘phlebostatie axis,’’ lying on a frontal plane passing midway 
tween the anterior and posterior surfaces of the thorax, was the reference level to which 
measurements were corrected. To ascertain the ascitie fluid pressure a 20 gauge needle 
s inserted directly into the peritoneal cavity at its most ventral point with the patient 
ng on his back. Venous pressure was measured in an antecubital and a femoral vein and 
sO in an anterior superior abdominal vein. A second reading was obtained in the anterior 
lominal vein after manually compressing it proximal (cephalad) to the site of insertion 
the needle. It is believed that the pressure obtained by this maneuver is close to that in 
portal vein. The reasons for this assumption will be presented below. 
Serum albumin concentration was determined after fractionation of the serum protein 


the method of Howe.7 





RESULTS 


Antecubital Vein Pressure-—As may be seen in Table I, the antecubital 
ous pressure varied from 95 to 176 mm. of water. The normal range for 
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pressure in this vein with the method used is 50 to 140 mm. of water. Ante- 


cubital vein pressures in three of the ten measurements in the patients with 
cirrhosis were slightly elevated. 

Femoral Vein Pressure.—The femoral venous pressure was elevated in all 
but one of the patients studied. The patient with the normal reading had 
neither ascites nor edema. In the eight patients with ascites it was markedly 
elevated, usually as high as or higher than the ascitic fluid pressure. Edema 
of the legs usually was most marked in the patients with the highest femoral 
venous pressure, although three patients with definitely elevated femoral pres- 
sures had no discernible edema of the lower extremities. 

Collateral Venous Pressure—Free Flow.—The pressures in the superior 
abdominal collateral veins are aiso listed in Table I. It is readily seen that the 


TABLE I 


VENOUS PRESSURE (MM. WATER) 


ASCITI¢ 
INTERVA!, COLLATERAL FLUID 
SERUM BETWEZN COM PRES 
ALBUMIN PARA ANTE PRESSED SURE 
| (GM, LOO} « ENTESES | CUBI | FEM FREE Ci (MM. ASCITES | EDEMA 
SUBJECT}  C.C.) (DAYS) | TAI | ORAL FLOW PHALAD WATER) | (0 TO 4+-)] (0 TO 4+) 
CM. | 3.4 21-28 110 180 210 240 180 34 0 
HF. | 24 ~ 45 147 302 213 255 270 14 1 
M. C. 2.6 “5 115 280) POD IS5 280 { “24 
ys ' D. | | er, oe 130 180 945 200 0 4 
ie me oO 05 85 165 315 0 | 0) 
M.B. | 3.4 14 +| 115 | 249 135 385 185 34 1 
JW. | 34 | +20 #+«| 4130 295 310 305 235 { 34 
J.W.* | 4.9 10 120 368 390 163 100 1 34 
| - | ?48 176 178 172 100) 186 ot e 
ee a x 135 237 225 2 Of 
— | =. 155 PGS 260 14 2+ 
Sl | 155 335 175 335 250 { 0 
( cyst za. cyst ) 


*Second examination, following the intravenous administration of human serum albumin 
7Patient with ovarian cyst. 

pressure in these veins, when corrected to the reference level, varied considerably 
from patient to patient. In all but one instance this pressure exceeded that in 
the antecubital vein. Generally speaking, however, these pressures were some 
what below the range usually accepted for portal vein pressure in patients with 
cirrhosis of the liver.*-1” 

Collateral Venous Pressure With Proximal Compression of the Veins. 
When the collateral vein in which venous pressure was being measured was com 
pressed proximal to the site of insertion of the needle (i.e., nearer the heart 
a considerable rise in the pressure occurred in all instances. The venous pres 
sure after such compression was as high as or considerably higher than th 
ascitic (or cyst) fluid pressure in all instances. This would indicate that th 
obstructed collateral pressure was closer to a measurement of portal vein pres 
sure thar that observed when the flow of blood was free, since the pressure © 
blood in the portal vein supplying the collaterals on the anterior abdomina 
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wall must be at least as high as that of the ascitie fluid or the veins would be 
compressed, preventing the flow of blood. Furthermore, the pressures recorded 
after the collateral had been proximally compressed approximate those recorded 
in the literature from direct measurements of the portal vein pressure.*'” 

Ascitic Fluid Pressure and Rate of Ascites Formation.—The pressure of 
the ascitic fluid for each of seven patients with ascites is shown in Table I. In 
the table the patients with cirrhosis are listed in order of increasing compressed 


collateral venus pressure. The patients in whom this pressure was highest had 
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relatively short intervals between paracenteses, although this relationship was 
not an absolute one. Thus, the two patients (Subjects A. D. and J. F.) who 
were not forming ascites had higher obstructed collateral vein pressure than 
two others (Subjects H. F. and M. C.) with massive ascites which had re- 
formed in eighteen and forty-five days. 

The serum albumin concentration, measured in six patients, was low except 
in one patient, Subject J. W., to whom albumin had been administered intra- 
venously before the second series of measurements. There was no correlation 
hetween the serum albumin concentration and the interval between paracenteses, 
although the series is too small to be definitive. 

Effect of Paracentesis—In Fig. 1 the measurements are shown for venous 
pressures in the antecubital, femoral, and collateral veins (with proximal com- 
pression) before and after paracentesis. The antecubital vein pressure fell 
only very slightly or not at all following removal of ascitic fluid. 'This was true 
also of the pressure in the obstructed collateral vein in the four patients with 
cirrhosis and ascites. In the patient, Subject A. M., whose abdominal swelling 
Was due to a large eyst of the ovary, and who, by clinical examination and 
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laboratory studies, demonstrated no evidence of primary liver disease, the ven- 
ous pressure response in the superior abdominal vein was different. In her 
ease there was no obstruction to the flow of portal venous blood other than ihat 
due to the cyst so that when the cyst fluid was removed the venous pressure in 
the superior abdominal vein fel! to less than 100 mm. of water despite proximal 
manual obstruction. The contrast between the effect of paracentesis on the 
superior abdominal venous pressure in this patient and in the patients with 


he abdominal 


4 


hepatic disease again suggests that the pressure measured in t 
collateral vein when compressed proximally was closely related to the portal 
venous pressure itself, 

Following paracentesis, the femoral venous pressure fell to normal or neat 
normal in all patients. This might be expected since with ascites present the 
pressure in the inferior vena cava and its tributaries must be raised consider 


ably to permit flow of blood to the heart. 


DISCUSSION 


In 1937 Ferris and Wilkins’ in this laboratory reported on the diagnostic 
value of comparative measurements of the pressure in the antecubital and 
femoral veins. Case 7 reported by them concerned a patient with cirrhosis of 
the liver with ascites and edema. They noted that whereas the pressure in the 
antecubital vein was not affeeted by paracentesis, the femoral venous pressure 
fell from between 170 and 245 mm. of water to between 100 and 120 mm. of 
water after paracentesis. They concluded that the femoral venous pressure was 
directly related to the ascitic fluid pressure. These authors indicated that there 
were two factors in the maintenance of the pressure in the ascitic fluid, as re 
flected by the rapidity of fall of the femoral venous pressure. As soon as para 
centesis was begun and the first small volume of ascites released, a pronounced 
fall in the femoral venous pressure occurred, presumably related to the tension 
of the ascites in the peritoneal cavity. After this striking drop, the femoral 
venous pressure gradually fell at a rate equal to that of the fall of the ascitie fluid 
pressure measured by a manometer attached to the paracentesis cannula. They 
attributed this second, slower rate of fall to the decrease in the hydrostatic 
pressure of the ascites. The results of the present study confirm those 01 
Ferris and Wilkins and also are similar to those of Levy and Bureh"™ whi 
described reductions in the pedal venous pressure after paracentesis in patients 
with hepatie cirrhosis. The clinical observation that edema of the lower ex 
tremities often clears promptly following paracentesis would appear to be 1 
lated to the fall in femoral venous pressure, although this is undoubtedly no 
the only factor controlling edema formation in the lower extremities. In th: 
studies reported here there appeared io be a rough correlation between tl! 
femoral venous pressure and the occurrence of dependent edema. Howeve 
three patients with definitely elevated femoral pressure had no clinically di 
tectable edema of the feet or legs. This finding has been reported in patien 


after ligation of the inferior vena cava.’ 
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When blood is allowed to move freely through the collateral venous channels 
of the anterior abdominal wall, the pressure in these veins must be the algebraic 
sum of two forces: the positive portal pressure and the negative intrathoracic 
pressure. Thus, one would expect a progressive drop in pressure to occur as the 
blood moves from the portal vein itself to the entrance of the collateral veins 
into the chest. For this reason the pressure measured in the anterior abdominal 
veins when a free flow of blood is permitted could not be as great as the portal 
pressure itself. 

When the blood in these collateral veins was prevented from flowing freely 
toward the heart, a moderate (80 mm.) to marked (228 mm.) increase in pressure 
was found. This maneuver brought the collateral venous pressure up to or 
above the ascitic fluid pressure in every instance, whereas when free flow was 
allowed the collateral pressure was often below the ascitic fluid pressure. It can 
be considered, therefore, that the pressure obtained with obstrueted flow was 
nearer to the portal pressure than that measured when free flow was permitted, 
since the portal pressure must be at least as high as the ascitic fluid pressure to 
allow flow of blood through the portal vein channels. Another indication that 
the obstructed collateral pressure was related to the portal venous pressure was 
the failure of the former to fall following paracentesis whereas that in the 
femoral vein dropped abruptly. Thus, in the ease of the portal vein, the 
obstruction was not relieved by removal of the ascitic fluid. This fact was 
further confirmed by the sharp fall in the pressure in the obstructed collateral 
vein in the patient with the ovarian eyst but with a normal liver, the obstruction 
to the portal flow in this instance having been the cyst itself. Finally, the 
pressure readings obtained in the superior abdominal collateral veins when the 
blood flow in them was blocked compare closely with published portal vein 
pressures measured at the time of laparotomy by insertion of a needle into the 
portal vein itself.*-!” 

rom the observations presented it is not possible to decide the relative im- 
portance of the factors which have been implicated in the formation of ascites 
and edema in cirrhosis of the liver. The results indicate, however, that neither 
the increased femoral nor portal venous pressures could account alone for the 
formation and maintenanee, respectively, of edema and ascites, nor was there 

correlation with the colloid osmotie pressure as determined by the serum 
albumin concentration. In this regard studies of the serum albumin eonecentra- 
tion and of its artificial change by the administration of normal human serum 
hbumin to patients with cirrhosis of the liver have not implicated the colloid 
osmotie pressure of the plasma as the primary factor in the cause of edema and 
cites.16 17 
No attempt has been made to investigate the permeability of the capillaries 
the peritoneum or in the lower extremities of patients with cirrhosis of the 
liver. It is possible that this factor may be important in the maintenance of 
‘ites and edema. 

Finally, the failure to excrete sodium and water in normal quantities which 
his been recently demonstrated in patients with cirrhosis of the liver? * prob- 

ly contributes in some measure to the tendency to ascites and edema formation. 
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SUMMARY 


1. The blood pressure was measured in the antecubital, femoral, and supe- 
rior abdominal collateral veins of ten patients with chronic cirrhosis of the liver 
(aleoholic) and of one patient with a large ovarian cyst. When ascites was 
present, ascitic fluid pressure was measured. The pressure in the ovarian 
cyst likewise was measured. 

2. The antecubital venous pressure was within the normal range in seven 
and slightly elevated in four of the patients studied. 

3. The femoral venous pressure was usually as high as or higher than the 
abdominal fluid pressure. The presence and extent of edema of the lower ex- 
tremities roughly correlated with the femoral vein and abdominal fluid pres- 
sures in nine of the eleven patients. 

4. The abdominal collateral vein pressure measured when free flow of blood 
through the vein was permitted was usually below the ascitic fluid pressure. 

5. In the eleven patients with cirrhosis the pressure in an abdominal col- 
lateral vein when measured with proximal manual obstruction to the blood flow 
was as high as or higher than the ascitic fluid pressure, remained elevated after 
paracentesis, and was in the same range as the direct portal vein pressures ob- 
tained by others at operation. Likewise, this pressure was elevated in the 
patient with the ovarian cyst, but fell promptly following drainage of the cyst 
fluid. It is concluded that the collateral pressure measured in this way ap- 
proaches the true portal vein pressure. 

6. The obstructed collateral vein pressure was generally highest in the 
patients with the shortest interval between paracenteses, although in two patients 
not forming ascites this pressure was likewise elevated. 

7. The serum albumin concentration did not correlate with the ascitie fluid 
pressure nor with the rate of ascites formation. 

8. The increased emoral and portal vein pressures are a measurable factor 
but cannot alone account for the formation and maintenance of edema or ascites 
in patients with cirrhosis of the liver. 


The authors wish to thank Miss Alice N. Ballou for her technical assistance. 
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IN VITRO SENSITIVITY OF COLIFORM BACILLI 
TO SEVEN ANTIBIOTICS 
(PENICILLIN, STREPTOMYCIN, BACITRACIN, POLYMYXIN, 
AEROSPORIN, AUREOMYCIN, AND CHLOROMYCETIN ) 
Pau F, Frank, M.S., CLARE WILCOX, AND MAXWELL FINLAND, M.D. 


Boston, Mass. 


N SPITE of the wide range of activity of the effective antibiotics that are now 

in use, it is well recognized that microorganisms vary considerably in their sus- 
ceptibility to these agents. Not only do individual species of organisms vary 
in their susceptibility to different antibiotics, but also the different species vary 
markedly in their sensitivity to the same antibiotic. Moreover, different strains 
of the same species may exhibit wide variations in their sensitivity to the same 
antibiotic. In general, the sensitivity or resistance of any species or strain of 
organism to any one antibiotic is quite independent of its susceptibility to any 
other antimicrobial agent, except, of course, in the case of chemically closely 
related agents, like the various penicillins. 

The in vitro sensitivity of bacteria to any given antibiotic agent has served 
as a useful guide to the value of that agent in the therapy of infections with the 
corresponding bacterial species. The limitations of this generalization, however, 
are well recognized and are exemplified in the case of typhoid fever which is not 
favorably influenced by streptomycin although the causative organisms may be 
sensitive in vitro to concentrations which are readily attained in the blood and 
other body fluids. Many factors such as absorption, distribution, and exeretion 
of the antibiotic, its plasma-binding properties, toxicity, and tendency to select 
out resistant variants all play a part in determining the therapeutic effectiveness 
of that antibiotic in infections with organisms that are apparently susceptible 
in vitro. Likewise, the conditions under which the in vitro tests for sensitivity 
are performed must also be considered since they may profoundly influence the 
results of the tests, and the optimum conditions for such tests may vary for the 
different antibiotic agents and for different species of organisms. 

The present series of studies were designed primarily to make direct com- 
parisons of the effectiveness of a group of antibiotics against a variety of common 
species of pathogenic aerobie bacteria insofar as that is possible from in vitro 
tests. In the case of each species of organism, tests were carried out simultane 
ously with a number of recently isolated strains and with all of the antibiotics 
under study. In this way it was possible to obtain valid comparisons of the 
susceptibility of each strain to the different antibiotics and at the same time to 
compare the sensitivity of different strains to each of the antibiotics used. In 
the ease of the antibiotics which were being used clinically, an appreciably large 
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number of strains were tested for their sensitivity to these agents at the time 
the strains were isolated from infections in which the antibiotics were to be 
used. The results of these tests, when considered in conjunction with those of 
the necessarily small groups of organisms that were specifically included for the 
comparative studies, provide a more reliable picture of the range of sensitivity 
of different strains of the same organisms to these clinically important antibioties. 

It has been found most convenient to present the results of the studies 
separately for each of the bacterial species. The present paper includes the 
results obtained with the most common of the pathogenic coliform bacilli, namely 
Escherichia coli, Acrobacter aerogenes, and Klebsiella pneumoniae. The results 
of the tests with other pathogenic bacteria will be presented in subsequent papers 


of this series. 
MATERIALS AND METHODS 


Sources of the Strains.—The materials from which the strains of bacteria used in this 
study were cultured were all obtained from patients with active infectious processes. With 
few possible exceptions these organisms were isolated from sourees which indicated that 
they probably were significantly coneerned in the infections. The source materials are 
listed in Table I. While strains of organisms isolated from patients after antibiotic therapy 
carried out in this hospital were deliberately excluded from the present study, it is highly 
probable that a small number of the patients had received some form of antibiotic therapy 
before the material was obtained that vielded some of these strains, particularly some of 
those isolated in recent months. 

The majority of the strains were obtained in pure culture from blood or other body 
fluids and most of the others represent the predominant organisms in the cultures from 
which they were isolated. They were identified by their morphologic, colonial, and bio 
chemical characteristics. (Most of the strains were isolated and identified in the Bae 
teriological Laboratory of the Mallory Institute of Pathology by Marion FE, Lamb and A. 
Kathleen Daly; a few were received from other hospital laboratories and the remainder 
were isolated and identified in this laboratory with the assistance of Janice M. Bryan.) 
Nhe pure cultures were maintained by frequent subculture in brain-heart infusion broth 
Difeo), pH 7.4+, until ready for the tests. 


TABLE I. SOURCES OF THE STRAINS TESTED 


ESCH. COLI A. AEROGENES K,. PNEUMONIAE 
SOURCE NUMBER o1/ NUMBER aA NUMBER y// 
Blood 29 10 31 9 2] 18 
Urine 202 69 229 69 37 32 
Exudates 17 6 11 3 10 9 
Wounds, abscesses 30 10 Li 5 3 3 
Sputum, pharynx S 3 39 12 $4 38 
Feces 5 2 3 | a ¥ 
Total 29] 100 330 100 115t L100 


*Includes only strains the sources of which were known and recorded. 
jFifty-one of the strains were successfully classified into serologic types (Julianelle) as 
ows: Type A, 36 strains; Type B, 4 strains; Type C, 7 strains; and Type D, 4 strains. 


Antibiotics.—All of the antibiotics except chloromycetin were available in dry form in 
tile, rubber-capped vials. For the special tests in which the antibiotics were compared, 
v were all freshly diluted just prior to use by adding 10 or 20 ml. of broth to the vial 

further dilutions. were then made in broth. In the usual ‘‘clinical’’ tests, when only 
or two antibiotics were used with a small number of strains, a desired amount was 
hdrawn from the vial for these tests and the remainder was immediately stored in the 
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frozen state at —25° C. for further use in subsequent tests. The chloromycetin was weighed 


out and dissolved in an appropriate amount of broth which was then heated at 100° C. 


for fifteen minutes before being used in the tests. 


The following antibiotics were used: (1) Crystalline potassium penicillin G, potency 
1,550 units per milligram, prepared by Commercial Solvents Corporation. The dilutions were 
made in terms of units and converted into micrograms (1 unit 0.6 y). (2) Streptomycin 


hydrochloride (Merck) was used in the early clinical tests and streptomycin calcium chloride 
complex (Merck) was used exclusively during the last two years and in all of the comparative 
tests. Dilutions were prepared on the basis of micrograms of the streptomycin base. (3) 
Bacitracin was provided by Corimmercial Solvents Corporation through the courtesy of Dr. 
Lawrence W. Smith. The preparation used throughout this study assayed at 34 units per 
milligram and the dilutions were prepared on the basis of the dry weight of the starting 
material. (4) Polymyxin hydrochloride (B71, Lederle) was supplied by Dr. Stanton M. Hardy 


in vials containing 20 mg. each. (5) Aerosporin (Polymyxin B) was supplied by Chas. Pfizer 
& Co., Ine., in 40 mg. vials through the courtesv of Dr. Gladys L. Hobby. (6) Aureomycin 


hydrochloride was available in crystalline form in vials containing 20 or 100 mg. each and 
was also furnished by the Lederle Laboratories through the courtesy of Dr. Hardy. (7) 
Chloromycetin (crystalline chloramphenicol) was provided by Dr. E, A. Sharp, Director of 
the Department of Clinical Investigation, Parke, Davis & Company. 

Tests for Sensitivity Two methods were used in the tests for sensitivity of the strains 
to the various antibiotics. As a routine in the clinical testing of organisms for the selection 
or control of therapy, the tube dilution method of Rammelkamp and Maxon! was used with 


minor modifications. A suitable range of twofold dilutions of the antibiotie in 0.5 ml. 


amounts of broth was set up in 11 by 100 mm, culture tubes, To each tube was added 0.5 


ml. of a 10-4 dilution of a fully grown culture of the test organism in broth containing 0.1 


per cent defibrinated horse blood, the latter to serve as an indicator of growth. The mixture 


was then incubated for eighteen hours and visible growth noted. Subeultures to antibiotic 
free heart infusion agar (Difco), pH 7.4+, were then made from the tubes showing either 
partial growth or no growth. The end point for complete inhibition (M.I.C., minimum con 
centration required for complete inhibition) was considered to be the smallest final concer 
tration in which no growth occurred after twenty-four hours of incubation on the agar. The 
end point for partial inhibition was considered to be the lowest concentration in which either 
faintly visible growth was observed in the tubes or in which any growth occurred on the agar 
after transplantation from tubes which showed no discernible growth. 

The plate dilution method was used in all of the comparative tests when a number of 
strains of the same organism were tested with all of the antibiotics simultaneously. During 
the past year this method also was used whenever there were several strains of the same 
or related species to be tested simultaneously with any given antibiotic for clinical pur 
poses. In this test, suitable twofold dilutions of the antibiotics were made in heart infusion 
agar (Difco), pH 7.4+. The agar plates were each divided into six or eight segments and 
the fully grown cultures were each streaked within these segments by means of a loop of 2 
mm. diameter. The plates were then inspected for growth with the aid of a hand lens (3x) 
after twenty-four and again after forty-eight hours of incubation and the extent of growth 
was recorded. The end point for complete inhibition for these tests was taken as the lowest 
final concentration of antibiotic on which there was no discernible growth after forty 
eight hours. The end point for partial inhibition was considered to be the lowest concen 
tration either on which growth was not discerned until forty-eight hours or on which there 
was much less growth as compared with the growth of the same strain on antibiotic-free 
agar. 

Controls for the growth of the organisms on antibiotic-free media were ineluded each 
time as were also tests with standard reference strains of known sensitivity. 

In many comparative tests there was close agreement between the results obtained 
when the same organisms were tested simultaneously by these two methods. When differ 
ences did occur, the end point in the plate dilution was usually at a concentration that was 
twice that obtained by the tube dilution method. In addition, partial inhibition was demon 
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strated more frequently over a range of 1 to 3 dilutions, that is, the difference between com 
plete and partial inhibition may be two- to eightfold in the plate dilution method whereas 
the tube dilution method usually gave a sharp end point, or partial inhibition in only one 
dilution beyond the complete inhibiting end point. 


RESULTS 

The results of the tests will be presented separately for each of the bacterial 
species. In each instance the comparative tests that were carried out simultane- 
ously with a group of unselected strains and with all of the antibiotics will be 
presented first. The data for all of the strains that were tested with each anti- 
hiotie will then be summarized and compared. 

Escherichia coli—The results of the tests for sensitivity of twenty-two 
recently isolated strains carried out by the plate dilution method are shown in 
Table I1.* <All of the concentrations have been expressed in micrograms per 
milliliter so that direct comparisons may readily be made on a weight basis. 
The end points are shown for both complete and partial inhibition according to 
the eriteria mentioned. The difference between these values indicates the range 
of concentrations over which varying degrees of significant inhibition oceurred. 

Several points are readily apparent from these results. (1) There is a 
strikine difference in the concentrations of the different antibiotics that are re- 
quired to inhibit most of the strains. As little as 1 to 2 y per milliliter are 
required for complete inhibition of most of the strains by polymyxin and aero- 
sporin; about 6 y per milliliter are required to produce a similar effect with 
chloromyeetin or aureomyein; twice that amount is needed for most of the strains 
in the case of streptomyein, and as much as 150 y per milliliter of penicillin are 
necessary to achieve the same effect on most of the strains. (2) There is a wide 
variation in the sensitivity of different strains to penicillin, ranging from 38 to 
more than 6,000 y per milliliter; this range is only slightly narrower in the case 
of streptomycin, whereas each of the other antibiotics inhibits almost all of the 
strains within a narrow range of concentrations. (3) It is also seen that the 
sensitivity or resistance of any given strain to one antibiotic is independent of 
the effect of other antibioties on that strain. This is well exemplified in the case 
of strains 2 and 18. (4) It is also of interest to note that the concentrations of 
penicillin required to inhibit some of these strains are not many times greater 
than the concentrations of streptomycin needed to inhibit most of them. (5) The 
spread between the concentrations of streptomycin required for complete and 
for partial inhibition was four- to eightfold for most strains as compared with a 
twofold difference in the case of the other antibioties. Such a wide spread, how- 
ever, was not observed in the tests done by the tube dilution method. In tests 
lor streptomycin sensitivity carried out by the latter method on more than 150 
Strains of Esch. coli, 37 per cent gave a sharp end point (that is, full growth in 
the next dilution beyond that in which complete inhibition occurred) and 58 per 
cent of the strains showed partial inhibition in only a single dilution beyond the 
| point of complete inhibition. 


*In this instance the tests were done simultaneously with only six antibiotics since 
hioromycetin was not made available to us until after this part of the test was completed. 
test with chloromycetin was carried out later and some of the strains had been lost in 
the meantime. 
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The distribution of the inhibiting concentrations of the various antibioties 
for all of the strains of Esch. coli that have been tested is shown in Table III and 
is represented graphically in Fig. 1. Only the complete inhibiting concentrations 
are shown. The inclusion of the data for much larger numbers of strains in the 
case of the antibiotics that have been used clinically provides a more reliable 
picture of the range of sensitivity of this species to these antibioties. In Fig. 1, 
the height of the peak and the spread of the distribution curve for each anti- 
biotic indicate the degree of variation in the concentrations of that antibiotic 
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Fig. i. 


that are required to inhibit the different strains. These distribution curves exhibit 

considerable similarity over most of the range of concentrations in the case of 

streptomycin, chloromycetin, and aureomycin and are in contrast to high peaked 
irves with a narrow spread in the case of polymyxin, aerosporin, and bacitracin 
nd the broad and irregular curve of penicillin. In the ease of streptomycin, 

however, the curve has a second rise in high range of concentration correspond- 
» to the resistant strains. 

These comparisons are more readily visualized when the same data are 
rted with the ordinate representing the cumulative per cent of strains, as 
wn in the lower section of Fig. 2. This method of representing the data also 
‘ids, or at least minimizes, the complexity of the figure in that the various 
tribution curves do not tend to cross frequently as they necessarily do in the 

mal type of distribution curves. In Fig. 2, the slope of each curve gives an 
ication of the range of concentrations required for different strains—the 
per the slope, the narrower the range. The position of the various curves 
n left to right in Fig. 2 provides a ready comparison of the activity of the 
erent antibioties, at least on a weight basis. 
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From Fig. 2 it is seen that the order of the in vitro activity of the seven 
antibioties arranged on a weight basis is as follows: (1) aerosporin, (2) poly- 
myxin, (8) chloromyecetin, (4) aureomycin, (5) streptomycin, (6) penicillin, 
and (7) bacitracin. The curves for polymyxin and aerosporin are parallel and 


close to each other and the same is true for chloromyecetin and aureomycin. The 
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streptomyein curve is similar and falls close to the latter two curves for a height 
equivalent to about two-thirds of the strains; the remainder of the streptomyein 
curve is flatter, indicating the occurrence of more strains of increasing resistance 
to streptomycin and corresponding to the late rise noted in Fig. 1. The curve 
or penicillin falls far over to the right and its slope is a slow one because of the 
latively small proportion of sensitive strains. 
Aerobacter aerogenes.—The results of tests for sensitivity of twenty-three 
‘ently isolated pathogenic strains of A. aerogenes simultaneously carried out 
the plate dilution method with all seven antibiotics are shown in Table IV. 
These results, on the whole, are quite similar to those obtained with Esch. coli 
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and shown in Table Il. There were some obvious quantitative differences, how- 
ever, Which were probably significant. For each of the antibiotics there were 
more strains of A. aerogenes that required high concentration to produce inhibi- 
tion than were noted in the case of the strains of Esch. coli. This is particularly 
evident with respect to penicillin. In the case of streptomycin, however, although 
there was a greater proportion of highly resistant strains of A. aerogenes, the 
majority were inhibited by slightly lower concentrations than those required for 
most of the strains of sch. coli. All of the other observations that were made 
with respect to the strains of Esch, coli are equally apparent for these strains 
of A. aerogenes. 

The data for all the strains of A. aerogenes that were tested are shown in 
Table V and the curves for the cumulative distribution of the results of the 
sensitivity tests with all of the antibiotics are shown in the middle section of 
Nig. 2. The similarities of these results and those obtained with the strains of 
Esch. coli are more readily apparent from a comparison of the curves in the 
lower two sections of Fig. 2. Only the curves for streptomyein and penicillin 
show any significant quantitative differences although the general shape of the 
curves for the two organisms obtained with each of these antibiotics is quite 
similar. The differences correspond to those observed for the smaller groups of 
strains listed in Tables II and IV and have already been noted. The curve rep- 
resenting the penicillin sensitivities of A. aerogenes starts further to the right, 
rises much more slowly at first and then more rapidly in the high range of eon- 
centrations, reflecting the much greater penicillin resistance of A. aerogenes as 
compared with Esch. colt. 

The order of the in vitro effectiveness of the different antibiotics against the 
strains of A. aerogenes, as seen from Table V and Fig. 2, is quite similar to the 
order of their effectiveness against the strains of Esch. coli except in the case of 
streptomycin. About two-thirds of the strains of A. aerogenes appear to be as 
sensitive to streptomycin as they are to chloromycetin or aureomycin, while the 
remaining strains are much more resistant to streptomycin, 

Klebsiella pneumoniae.—The results of the tests for sensitivity of twenty- 
three recently isolated strains of A. pneumoniae carried out by the plate dilution 

iethod simultaneously with seven antibiotics are shown in Table VI. Again 
iese results are qualitatively quite similar to those obtained with the other 

‘oliform organisms already presented. The outstanding quantitative differences 
re seen in the tests with penicillin and streptomycin. These indicate that the 

\\lebsiellae were, on the whole, much more sensitive to both of these antibiotics 
an were the strains of Esch. coli and A. aerogenes. There is also some indiea- 
on that the strains derived from sputum and blood which were predominantly 
roup A strains were the most sensitive to these two antibiotics. 

It is also of interest to note in passing that two of the strains (Strains 2 
11) were among the most resistant to all of the antibioties and a third (Strain 

was among the least sensitive to all antibiotics except streptomycin. With 
e other strains, as with those of Esch. coli and A. aerogenes, there appeared 
be no relation between the sensitivity of any strain to any one antibiotic and 
‘ Sensitivity or resistance to any of the others. 
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The findings for all of the strains are summarized in Table VI, and the 
cumulative distribution curves are shown in the upper section of Fig. 2. The 
evreater sensitivity of the strains of Klebsiellae as a whole to all of the antibiotics 
is at once apparent. In Fig. 2, this is shown by the fact that the curves for the 
Klebsiellae fall further to the left as compared with those for the strains of 
Esch. coli and A. aerogenes as shown in the lower sections of the same figure. 
Particularly noteworthy in this respect are the curves for streptomycin and 
penicillin, 

An analysis of the data was made with respect to the sources of all the 
strains of Klebsiella that were tested for streptomycin, of which there was a 
greater number than those tested with other antibiotics. This showed that the 
great majority of strains obtained from sputum and blood, most of which were 
Type A strains, were inhibited by streptomycin concentrations of 3.1 y per 
milliliter or less, whereas those obtained from urine, most of which could not be 
classified serologically, required 6.3 y per milliliter or more for complete in- 
hibition. 

The order of the in vitro effectiveness of the strains of A, pneumoniae to 
these antibiotics, on a weight basis, is as follows: polymyxin, aerosporin, chloro- 
myecetin, aureomycin, penicillin, and bacitracin, with streptomycin occupying 
an anomalous position. About half of the strains were slightly more sensitive 
to streptomycin than to chloromyeetin or aureomycin; about 10 per cent of the 
strains were more resistant to streptomycin than to either chloromycetin or 
aureomyein, and the remaining strains were inhibited by concentrations of 
streptomycin similar to those required for chloromyeetin and aureomyein to 
inhibit the majority of the strains. 


DISCUSSION 
The findings that have been presented should be of interest beeause they 
offer a useful and fairly reliable comparison of a group of antibiotics with 
divergent properties against a group of organisms which appears to be assuming 
considerable clinical importance. They are of particular value because of the 
uniform methods by which the data have been obtained and because the strains 
tudied were recently isolated from clinical sources and from infections in which 
itibiotie therapy was being used or contemplated. 
The tables and the charts depict most of the natural variations in the activity 
‘the antibiotic agents studied against the three species of coliform organisms. 
way of summary and in order to simplify the application of these data, it 
iv be of interest to compare, on a weight basis, the range of concentrations 
each of the antibioties that would be required to inhibit the majority of the 
ains of each of these species. Taking two-thirds of the strains as a minimum 
portion for this purpose, these values as derived from the data presented 
shown in Table VIII. 
On the whole, polymyxin and aerosporin were found to be very similar to 
‘h other in almost every respect and were the most active agents in this group. 
‘ewise, aureomyein and chloromyecetin were remarkably similar in their action 
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against each of these organisms; they were appreciably less active than poly- 
myxin and aerosporin but much more active than penicillin and_ bacitracin. 


Streptomycin occupies a sort of dual position in that for about two-thirds of 


the strains its action was quantitatively similar to that of aureomyein and ehloro- 
mycetin but the remaining strains required larger concentrations of streptomycin 
and a significant proportion of the strains could be considered as resistant to the 
latter agent. Bacitracin, from a practical point of view, may be considered to 
be without effective on any of these coliform organisms. Penicillin, on the 
other hand, though much less active than aureomyein and cholormyecetin, was 
nevertheless quite active against A. pneumoniae and only slightly less so against 
a considerable proportion of the strains of Esch. coli, but it was essentially 
inactive against A. aerogenes. 

From the point of view of the different coliform organisms, the strains of 
K. pneumoniae were generally the most sensitive to all of the antibioties, the 
strains of A. aeregenes were the most resistant of this group, and those of Esch. 


coli had an intermediate position. 


TABLE VIIT. RANGE OF CONCENTRATIONS WHICH COMPLETELY INHIBITS TWO-THIRDS OR MORI! 
OF THE STRAINS 


ESCH. COLI A, AEROGENES | K. PNEUMONIAE 
M.I.C. Oo OF M.1.C. Yo OF M.I.C. % OF 
ANTIBIOTIC (y/ML.) STRAINS (y/ML. ) STRAINS (y/ML. ) STRAINS 
Penicillin 25-200 79 > 1,000 76 5-75 78 
Streptomycin* 6.3-25 67 1.6-25 67 0.8-6.3 73 
Bacitracin 5,000-10,000 100 5,000-10,000 74 2.500-5,000 70 
Polymyxin 2 85 1.6-3.1 88 0.3-1.3 83 
Aerosporin 2 96 1.6-3.1 Q] 0.6-1.3 82 
Aureomyein 6.3-25 82 12.5-50 77 6.3-25 89 
Chloromyecetin 6.3-25 85 6.3-50 R4 1.6-3.1 78 


M.1.C., minimum (complete) inhibiting concentrations. 
*Resistant strains (requiring 1,000 y/ml.): Esch. coli, 16 per cent; A. Gerogenes, 21 
per cent; K. pneumoniae, 9 per cent. 


From the point of view of the biology of this group of organisms, the dis- 
tinctive patterns of the distribution of the sensitivities of each of the species 
of organisms to the various antibiotics are of interest, This has been previousl) 
observed in the case of two species of Neisseria, namely, the gonococeus and the 
meningococcus, with respect to their sensitivity to sulfonamides and penicillin. 
In that particular instance, these relationships have proved to be the determining 
factors in the choice of therapy. The sulfonamides are by far the most effective 
agents against meningococeal infections and have been all but abandoned as a 
therapy of gonorrhea. On the other hand, penicillin has proved to be the treat 
ment of choice for gonorrhea and is much less effective in meningococeal infec 
tions. In the present instance, the generally greater resistance of strains 0 
A. aerogenes and the greater sensitivity of the Klebsiella strains to most of th: 
antibioties is of similar interest and seems to be reflected in the results of ant 
biotic therapy of infections with these strains.* 





*The possibility that certain organisms contain or secrete enzymes capable of specifical! 
inactivating one or another of the antibiotics must also be considered. To our knowledge, t! 
only authentic examples are the production of penicillinase by certain coliform and oth 
organisms*-* and the enzyme which hydrolyzes chloromycetin.® 
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As to the clinical significance of the quantitative data that have been pre- 
sented, it is essential to bear in mind the manner in which these data were 
derived and the limitations of direct application of such in vitro data to 
actual therapy. Mention of some of these limitations was made in the intro- 
duetory paragraphs. It is also worth noting that the conditions of the tests, 
as carried out in this study, tend to favor some antibioties and to be unfavorable 
to others. Chloromycetin, for example, is quite stable under these conditions ; 
streptomycin is more active at the alkaline pH of these tests, while aureomycin 
loses activity rapidly under the same conditions. It should be emphasized fur- 
ther that the actual values that are given here are strictly valid only for the 
exact. conditions of these tests and within the rather wide limits of error of such 
biologic methods. Quantitative comparisons with similar data in whieh other 
materials and methods are used must, therefore, be made with these reservations. 

Because of the manner in which the end points have been chosen, the values 
for the sensitivities in the present study are much higher than those given by 
many other workers. On the whole, even the figures for ‘‘ partial inhibition,’’ 
as defined in this study, may be many times greater than values for sensitivity 
that are based on ‘‘50 per cent inhibition’’ end points. The differences are 
greater still if the end point is chosen as the dilution which produces the least 
detectable reduction in the amount of growth as compared with controls in 
similar media that contains no antibiotic and they are further exaggerated if 
electrophotometrie methods are used for comparisons of densities of growth. 

This is not the place to review the factors that are known to influence anti- 
hiotie activity during actual therapy of infections. The importance of alkalini- 
zation in the suecess of streptomycin therapy of urinary tract infection may 
serve as an example of one such factor that is obviously applicable to that anti- 
hiotie but has not been shown to be of importance in the ease of other antibiotics. 
Furthermore, time-dose relationships depend upon the absorption, excretion, and 
distribution of the agents in the body, which in turn determine the concentration 
of the antibiotie at the site where the organisms are multiplying. The nature 
of the lesion, the conditions that prevail at the site of infection, and the aceessi- 
bility of the antibiotie to the bacteria are other determining factors. All of these 
factors may vary with the offending organism or with the antibiotie. 

Furthermore, it goes almost without saying that the toxicity of one agent 
or the innocuous nature of another may sometimes be the prime factor that influ- 
ences the choice between effective antibiotics. Thus, both polymyxin and aero- 
sporin, which, from the results of all the in vitro data that have been presented, 
are by far the agents of choice against all of the coliform organisms that were 
studied, have failed to achieve more than the most limited clinical trials because 
of the readiness with which they produce serious renal damage. Whether or 
not either of these agents will prove useful for topical therapy or for use in the 
iiitestinal traet must, of necessity, depend on the extent to which they are 
alsorbed from the sites of application. 

It is hoped that, in spite of all these reservations, the data that have been 
presented will prove useful to those who are concerned with the clinical and 
laboratory control of antibiotic therapy. 
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SUMMARY AND CONCLUSIONS 


The results of tests for sensitivity to seven antibiotics carried out simulta- 
neously on a number of recently isolated, pathogenic strains of Esch. coli have 
been presented. They serve to indicate the variations in the in vitro activity 
of these antibiotics with different strains of the same species. The results of 
similar tests with strains of A. aerogenes and K. pneumoniae also have been 
presented. 

These data together with the results of all other tests for sensitivity to these 
antibiotics that have been carried out in this laboratory with strains of these 
organisms have been analyzed and compared. 

Under the conditions of these tests, the most effective antibiotics against 
all of these organisms were polymyxin and aerosporin and both of these agents 
were about equally active. Aureomycin and chloromycetin were about equally 
effective against each of the species and both were appreciably less active than 
polymyxin and aerosporin. Streptomycin ranked with aureomyein and ehloro- 
mycetin in its activity against a large proportion of the strains, but there was 
an appreciable number of strains of each of these organisms that was highly 
resistant to streptomycin. Penicillin showed the greatest variation in its in vitro 
effect on the different species of coliform bacilli; it was moderately effective 
against A. pneumoniae, less so against most strains of Esch. coli, and essentially 
inactive against A. aerogenes. 

On the whole, the strains of HK. pneumoniae were the most sensitive, those 
of A. aerogenes were the most resistant, while the strains of Esch. coli were 
intermediate in their susceptibility to all seven antibiotics. 

The limitations of these in vitro data with respect to their clinieal applica 
tion have been discussed. 
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IN VITRO SENSITIVITY OF BACILLUS PROTEUS AND 
PSEUDOMONAS AERUGINOSA TO SEVEN ANTIBIOTICS 
(PENICILLIN, STREPTOMYCIN, BACITRACIN, POLYMYXIN, 

AKROSPORIN, AUREOMYCIN, AND CHLOROMYCETIN ) 


Pau F.. Frank, M.S., CLARE WILCOX, AND MAXWELL FINLAND, M.D. 
Boston, MASS. 


| phaaaatge with proteus and pyoecyaneus organisms have assumed a new 
importance since the introduction and extensive use of therapeutically potent 
chemical and antibiotic agents. Infections with these organisms seem to be 
highly resistant to treatment with the antimicrobial agents now available and 
frequently they either persist or replace infections with other organisms after 
such therapy is used. This is particularly true in chronie urinary tract infeec- 
tions, in chronic bronchopulmonary suppurations, and in infected wounds and 
burns. Since great reliance is placed upon the use of antibiotics in the manage- 
ment of such suppurative processes and since it has become a frequent if not a 
universal practice to exhaust the possibilities of the available antibiotics in 
these conditions, it is well to have some understanding of the limitations of such 
therapy. 

The first essential for suecessful therapy with antibacterial agents is the 
susceptibility of the infecting organisms to these agents. In the present paper 
are presented the results of in vitro tests for sensitivity to seven antibiotics of a 
number of recently isolated pathogenic strains of Bacillus proteus and Pseu- 
domonas aeruginosa. These tests were carried out in a manner similar to those 
reported for various coliform organisms.' A eroup of strains of each organism 
was tested simultaneously with all seven antibiotics in order to indicate some 
of the variations in the relative sensitivity of individual strains to the different 
antibiotics. Similar tests were carried out with other strains in the course of the 
clinical study and control of infections in which treatment with some of these 

tibioties was undertaken or contemplated. <All of these tests were combined 
and analyzed. In this manner it was possible to obtain a more reliable picture 
the effectiveness of each antibiotic against different strains and to compare 


potency of the different antibiotics against each of these organisms. 


MATERIALS AND METHODS 


Sources of the Strains.—The great majority of the strains were obtained from cultures 
nfected urine, but a significant proportion were obtained from the sputum of patients 
bronchopulmonary infettions and from infected wounds and exudates. The sources 
» strains are listed in Table I. Most of these materials were obtained from the pa- 
t s before antibiotic therapy was started, but some of the patients had received anti 


s for the same or other infections on previous occasions. 
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TABLE I. SOURCES OF THE STRAINS STUDIED 


B. PROTEUS PS. AERUGINOSA 
NUMBER OF NUMBER OF 
SOURCE STRAINS % OF TOTAL STRAINS % OF TOTAL 

Urine 178 74.5 160 D9.9 
Sputum 21 8.8 o2 12.0 
Exudate 21 S.8 51 19.1 
W ound 13 5.4 19 ‘oa 
Blood | 0.4 ] 0.4 
Feces 5 2.1 | IBS 
Total 239 100 267 100 


Sensitivity Tests.—The antibiotics used in this study,* the manner in which they were 
prepared for the tests, the culture media used, and the methods for carrying out and inter- 
preting the tests for sensitivity were the same as those used in the study of the coliform 
organisms.t When proteus strains were tested by the plate dilution method, a maximum of 
four strains were streaked on each agar plate and these plates were examined at frequent 
intervals during the first twenty-four hours in order to observe any swarming tendeney on 
the part of some uninhibited strains which might obscure the growth or inhibition of strains 
in adjacent segments. In the dilutions of antibiotic near the end points, however, there was 


no tendency to swarm and no difficulty was encountered on that score. 


RESULTS 

The data concerning the proteus and pyoeyaneus organisms will be pre- 
sented separately. In each instance the results of the tests that were carried 
out simultaneously with several strains and all of the antibiotics will be pre- 
sented first and the findings with respect to all of the tests including those 
carried out with individual antibiotics as they were used clinically will then be 
analyzed. 

Bacillus proteus.;—The results of tests for sensitivity of eighteen strains 
of B. proteus carried out by the plate dilution method with all seven antibiotics 
are listed in Table II. As with other organisms, the general lack of relation- 
ship between the sensitivity of individual strains to the different antibiotics is 
apparent. The same is true, in general, of the variations in the sensitivity of 
different strains to the same antibiotie. 

The end points for both ‘‘complete’’ and ‘‘ partial’’ inhibitions are shown in 
Table II. The ‘‘range of partial inhibition,’’ that is, the difference between the 
concentrations of antibiotic required for complete and partial inhibition as de 
fined in these studies,’ varied from strain to strain and also among the different 
antibiotics. Sharper end points, however, were more frequently observed in 
the tests carried out by the tube dilution method that was generally used in thi 
‘‘elinical’’ sensitivity tests. Thus, among the streptomycin sensitivity tests 
carried out by the latter method, over 40 per cent of the strains yielded a sharp 
end point (i.e., essentially full growth in the dilution beyond the one showing 
complete inhibition) and the spread between the end points for complete and 
partial inhibition was only a single twofold dilution for two-thirds of the re 





*We are indebted to Dr. Stanton M. Hardy of the Lederle Laboratories for the polymyx 
and aureomycin, to Dr. Gladys L. Hobby of Chas. Pfizer & Co., Inc., for the aerosporin, 
Dr. Lawrence W. Smith of Commercial Solvents Corporation for the bacitracin, and to Dr. 1 
A. Sharp of Parke Davis & Company for the chloromycetin. 

+The great majority of the strains were classified as Proteus vulgaris, but a few strai! 
of P. morganii are included. 
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maining strains. In the case of the aureomycin sensitivities of the proteus 
strains, 60 per cent of the strains gave a sharp end point and the end point for 
partial inhibition was only rarely found to be more than a single twofold dilu- 
tion beyond that required for complete inhibition. 

Of considerable interest is the relative sensitive of the majority of the strains 
te penicillin, being exceeded for most strains only by their sensitivity to chloro- 
mycetin. Of the four strains among those listed in Table I] that were highly 
resistant to penicillin, at least two (strains 12 and 13) were obtained from 
patients who were known to have received both penicillin and streptomyein on 
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AND PSEUDOMONAS TO 7 ANTIBIOTICS 





PSEUDOMONAS AERUGINOSA 


100 + 


80 - 


60 - 


40-4 


20 - 








PERCENT OF STRAINS, CUMULATIVE 











T t T T T tT T T T T 
16 31 63 125 25 50 100 200 400 800 »>1000 
MINIMUM COMPLETE INHIBITING CONCENTRATION, ¥/ML. 
—~ PENICILLIN *-—- STREPTOMYCIN »——«x POLYMYXIN »-—« AEROSPORIN 
O——O AUREOMYCIN O——O CHLOROMYCETIN «-----e BACITRACIN 











Fig. 1 


previous occasions although they were not being treated with any antibiotics at 
the time these organisms were isolated. It is also possible that the patients 
from whom Strains 9 and 18 were isolated also had received these antibiotics 
in the past, although this was denied by the patients and there was no record 
of such therapy. 

It should also be noted that three of these penicillin-resistant strains wer 
also highly resistant to streptomycin. The fourth, however, was relatively sensi 
tive to the latter agent although it was obtained from one of the patients who 
had previously been treated with streptomycin. 

With respect to bacitracin, these proteus strains were all highly resistan! 
and resembled the various coliform bacilli in this respect. The rather unes- 
pected finding was the resistance of all of these proteus strains to both polymyxi" 
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and aerosporin. This was in sharp contrast to the various coliform bacilli, all 
of which were more sensitive to polymyxin and aerosporin than to any of the 
other five antibiotics. Aureomycin, too, was relatively ineffective against most, 
though not all, of these strains. Furthermore, most of these strains of B. proteus 
were considerably more sensitive to chloromycetin than to aureomyein, though 
occasional ones were equally sensitive to both agents. Such a marked difference 
between the in vitro effects of these two agents was not noted in the ease of any 
of the other pathogenic bacteria that were studied. 

The results of the tests for sensitivity of all of the pathogenic strains of 

B. proteus that were assayed, including those shown in Table IT, are summarized 
in Table III. Only the complete inhibiting concentrations are given in this 
table and the curves representing the cumulative per cent of strains with in- 
creasing resistanee to each of the antibiotics are shown in the lower half of 
Fig. 1. These curves and the data in Table IIT upon which they are based 
show clearly the relative in vitro effectiveness of each of the antibiotics against 
all of the strains that were assayed. The most effective of these seven anti- 
hioties, as shown from the position of the curve farthest to the left, was chloro- 
myeetin. Penicillin, streptomycin, and aureomycin followed in that order, but 
a significant proportion of the strains were moderately to highly resistant to 
streptomycin and even more were resistant to penicillin. Far over to the right 
are the curves for aerosporin, polymyxin, and bacitracin, indicating the re- 
sistance of most or all of the strains to these agents. 
; Pseudomonas aeruginosa.—The results of tests for sensitivity to the various 
antibiotics carried out by the piate dilution method with twenty-five recently 
isolated, pathogenic strains of pyoeyaneus organisms are shown in Table IV.* 
It is at onee apparent that the activity of some of the antibiotics against these 
strains was markedly different from their activity against the proteus strains 
shown in Table II. This was true of penicillin, polymyxin, aerosporin, and 
chloromycetin. Penicillin was inactive against all of the strains listed in 
Table IV, though it was quite effective against most of the proteus strains. The 
reverse was true of aerosporin and polymyxin; they were inactive against the 
proteus strains and were quite effective against these pseudomonas organisms. 
Chloromyeetin was much less active against the latter strains than it was against 
the proteus strains. On the other hand, streptomycin and aureomycin differed 
only slightly in their action against the different organisms, while bacitracin 
Was inactive against both the proteus and the pyocyaneus strains. 

The end points for both complete and partial inhibition are shown in 
Table IV. On the whole, the end points were quite sharp with these strains even 
i) those tests which were carried out by the plate dilution method. The same 
was true of the strains tested for clinical purposes by the tube dilution method; 
ovly rarely was the difference between the end points for complete and partial 
i! hibition more than a single twofold dilution. 


*The tests with all twenty-five of these strains were carried out simultaneously with 
six antibiotics. The chloromycetin was not made available to us until after these tests 
completed and by that time some of the strains were lost. 
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DISCUSSION 


Table VI is presented by way of summary and in order to bring out in a 
simple manner the comparisons of the activity of the different antibiotics 
against the organisms with which we are here concerned. This table shows the 
range of concentrations of each antibiotie that is required to inhibit the great 
majority of strains of proteus and pseudomonas. ‘The values chosen for this 
purpose are those which completely inhibited at least two-thirds of the strains. 

On the basis of all the data presented it is possible to arrange the seven anti- 
bioties in the order of their effectiveness in vitro against these organisms. In 
the case of the strains of B. proteus, the most effective ageuts against the major- 
ity of the strains were chloromycetin and penicillin, but more than one-fourth 
of all the strains were resistant to the latter. Streptomycin and aureomyein 
ranked next, but rather high concentrations of these agents were necessary to 
produce inhibition and a significant proportion of the strains was highly re- 
sistant to streptomycin. Polymyxin, aerosporin, and bacitracin were essentially 
inactive. 


TABLE VI. RANGE OF CONCENTRATION OF SEVEN ANTIBIOTICS REQUIRED TO INHIBIT MorRE THAN 
TWO-THIRDS OF THE STRAINS OF B. PROTEUS AND Ps. AERUGINOSA 


B. PROTEUS PS. AERUGINOSA 
M.1.0. | % OF M.I.C. Jo OF - 
ANTIBIOTIC (y/ML.) | STRAINS (yY/ML. ) STRAINS 

Penicillin 12.5-50 68* >1,000 97 
Streptomycin 12.5-200 83t 12.5-200 82} 
Bacitracin 10,0004 100 > 10,000 100 
Polymyxin >200 100 12.5-25 84 
Aerosporin > 200 89 3.1-6.3 96 
Aureomyein 100-400 92 50-400 95 
Chloromycetin 12.5-50 79 200-400 92 

M.1.C., minimum (complete) inhibiting concentration. 

*28 per cent of the strains were resistant to > 500 y per milliliter. 

411.4 per cent of the strains were resistant to > 500 y per milliliter. 


~14 per cent of the strains were resistant to 1,000 y per milliliter. 


Against the strains of pseudomonas, aerosporin was by far the most effective 
with polymyxin ranking next. Streptomycin, aureomyein, and chloromycetin 
followed in that order with respect to their activity against the majority of the 
strains, but about 14 per cent of those tested with streptomycin were found to 
be highly resistant. Furthermore, the effective concentrations of aureomyein and 
chloromyeetin as judged from these tests were rather high and for most of the 
Strains were either close to or beyond the range of concenirations of these agents 
that are attainable even in the urine during systemic therapy. 

For a discussion of a few of the many limitations of the type of in vitro 
data that have been presented here, the reader is referred to the previous paper 
of this series.1 The comparisons with respect to the effectiveness of the different 
aniibioties against each of the organisms and with respect to each antibiotic 
aviinst the different organisms are probably valid because of the uniform man- 
ne’ in which these tests were carried out. Within their limitations, however, 
these data should be of some practical value to those concerned with the choice 
an control of antibiotic therapy. In view of the varied metabolic activities of 
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different species of bacteria and the probable differences in the mechanisms by 
which the various antibioties exert their antimicrobial action, it is hoped that 
data such as these may offer to the microbiologist and the biochemist useful 
hints as to the fundamental processes concerned in bacterial nutrition on the 


me hand and in antimicrobial action on the other. 


SUMMARY AND CONCLUSIONS 


The results of tests for in vitro sensitivity of a number of recently isolated 
pathogenic strains of B. proteus and Ps. aeruginosa to seven antibiotics have 
been presented. 

The most effective agents against the majority of strains of B. proteus were 
chloromycetin, penicillin, streptomycin, and aureomycin, in that order. How 
ever, a significant proportion of the strains were highly resistant to penicillin 
and streptomycin, and rather high concentrations of aureomycin were required 
to inhibit most of the strains. Bacitracin was totally ineffective, and polymyxin 


and aerosporin were also essentially inactive. 6. proteus was the only one 





among the common pathogenic gram-negative bacilli that were studied which 
was found to be resistant to polymyxin and aerosporin. 
Against Ps. aeruginosa, aerosporin was the most effective and polymyxin 
ranked next. Streptomycin was active in moderately high concentrations against 
a majority of the strains, while a significant proportion were highly resistant 
to this agent. Aureomycin and chloromycetin were inhibitory in concentrations 
which, for most of the strains, are outside the range attainable elinieally by 
systemic therapy. Penicillin and bacitracin were essentially without effeet. 


The authors are indebted to Marion E. Lamb and A. Kathleen Daly of the Bacterio 
logical Laboratory of the Mallory Institute of Pathology for the isolation and identification 
of most of the strains, and to Janice M. Bryan for assistance in the isolation and identifies 


tion of many strains and also in carrying out the sensitivity tests. 
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WASHINGTON, D. ( 


| aureomycin® has been found to be effective in a wide variety 
of infections, the attention of most investigators has been directed toward 
those infections caused by viruses and rickettsiae. While it is true that another 
antibiotic, penicillin, is extremely effective in the treatment of pneumocoecic¢ 
infections, the relative value of aureomyein should be determined for several 
reasons. (a) There is a possibility that the low fatality rate obtained with 
penicillin therapy may not represent the lowest possible rate obtainable, and 
that better results may be obtained with aureomyein. (b) Aureomyein, if effee- 
tive, can be used in patients who have developed hypersensitivity to penicillin. 
(¢) Sinee the aureomyein can be detected constantly in the serum after it has 
been taken by mouth,’ whereas this is not always true of penicillin administered 
orally, aureomyein may be preferable when oral medication is desired. 


MATERIALS AND METHODS 


We have determined the sensitivity of thirty-three strains of pneumococei obtained 
from patients with pneumonia and meningitis by inoculating tubes of tryptose-phosphate 
broth containing varying amounts of aureomycin, incubating for eighteen hours, and 
noting the first tube in which growth was not macroscopically evident. The sensitivity of 
hese strains ranged from .007 to 0.512 ug of aureomycin per milliliter. Sinee serum con 
centrations of 1 to 4 wg of aureomyecin per milliliter are obtained with the customary oral 
] 


doses of aureomyecin,! we treated 131 consecutive patients with typed pneumococcic pneu 
mia with aureomycin, During the time these patients were encountered, forty-three addi 
tional patients were treated who had typical pneumococcie pneumonia, as judged by the 
history, eclinieal course, physical and x-ray examinations, and leucocyte counts, although 
pnheumoecoeci were not obtained from the sputum or on blood culture. The results obtained 
these 174 cases are the subject of the present paper. 
After a specimen of sputum and of blood had been obtained for culture and typing, 
patients were given either 250 mg. of aureomyein by mouth every three hours or 500 
I at six-hour intervals until the temperature fell and remained within essentially normal 
limits for forty-eight -to seventy-two hours. One patient had vomiting which was severe 
enough to prevent the absorption of sufficient aureomycin. She was given two intravenous 
‘'s of 500 mg. of aureomycin, but when vomiting persisted, a change was made to peni- 
therapy. 
The average dose of aureomycin administered per patient was 12 grams. In view of 
fact that the patients treated earliest in the series were given aureomycin for a much 
er time than the patients treated later, this average dose is much higher than we now 
der necessary. At present, the average dose per patient is about 9 grams. 
From the Health Department, District of Columbia, the George Washington and George- 
t Medical Divisions, Gallinger Municipal Hospital, and the Departments of Medicine, 


e Washington and Georgetown Universities. 
Received for publication, Nov. 29, 1949. 
*Aureomycin was supplied by the Lederle Laboratories Division, American Cyanamid 
{ , 
any. 
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RESULTS 
As shown in Table I, there were two deaths among the patients with typed 
pneumonia. One of these was a 58-year-old woman who died thirty minutes 
after a single dose of aureomycin. The other was an 85-year-old woman who 
had had hemiplegia for six months before developing pneumonia and was in 
an advanced stage of malnutrition on admission to the hospital. She died 
twenty hours after the first dose of aureomycin. Pneumococei were cultured 
from the blood of both patients. 
TABLE I. RESULTS OF AUREOMYCIN TREATMENT OF PNEUMOCOCCIC PNEUMONIA ACCORDING TO 
AGE OF PATIENT 


PATIENTS FROM WHOSE SPUTUM PATIENTS WITH TYPICAL PNEUMOCOCCIC 


AND/OR BLOOD PNEUMOCOCCI PNEUMONIA FROM WHOM PNEU- 
AGE WERE RECOVERED MOCOCCL WERE NOT RECOVERED 
(YR.) NUMBER DIED NUMBER DIED 
11-20 14 0 4 0 
21-30 18 0 9 0 
31-40 37 0 10 0 
41-50 30 0 1] 1 
51-60 19 l 5 1 
61-70 7 0 3 0 
Over 70 6 1 2 0 
Total 131 2) 43 9 


Among the patients from whom pneumococci could not be obtained, there 
were also two who died. Both were treated late in the disease. One was a 
44-vear-old Negro man whose treatment was started on the eighth day of disease 
and the other was a 55-year-old man who was given his initial dose of aureomyein 
on the ninth day of disease and who died after receiving only two doses of the 
drug. 

From Table II it will be seen that the distribution of types was similar to 
that which is usually found in pneumococcie pneumonia. Bacteremia was 
detected in thirty-two (24 per cent) of the patients with typed pneumonia. 
Both of the deaths were in bacteremic patients. If the previously mentioned 
patient who was given penicillin when vomiting prevented the proper absorption 
of aureomyein is included with the patients who died as a treatment failure, 
there were three patients (2.3 per cent) who failed to improve with aureomyecin, 
and all of them had bacteremia. 

TABLE II. RESULTS OF TREATMENT OF PNEUMOCOCCICG PNEUMONIA ACCORDING TO TYPE OF 


PNEUMOCOCCUS 





| ALL CASES | BACTEREMIC CASES 
TYPE OF NUMBER OF | NUMBER OF 
PNEUMOCOCCUS PATIENTS NUMBER DIED PATIENTS | NUMBER DIED 

I 32 0 7 0 
II 3 0 0 0 
III 8 0 1 0 
IV 6 0 0 0 
VI 6 0 (0) 0 
Vil 16 0 7 0 
VIII 4 0 1 0 
Higher types 56 9 16 9 


Total 13 2 32 2 
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Among 126 patients with typed pneumonia whose treatment was successful, 

the temperature in the ease of 88 patients (or 70 per cent) had dropped below 

101° in twenty-three hours or less from the time the first dose was given (Table 

I11). Within forty-seven hours of the initial dose of aureomycin, the temper- 

ature of 116 (or 96 per cent) of the patients had fallen below 101° F. A similar 

rapid drop in temperature was observed in the patients from whom pneumococci 
were not obtained. 


TABLE IIL. RaApipiry Or CRISIS IN RECOVERED PATIENTS 


NONTYPED TYPICAL 


TYPED CASES PNEUMOCOCCIC PNEUMONIA CASES 

PER CENT OF PER CENT OF 

TEMPERATURE OF 101° F, NUMBER OF RECOVERED NUMBER OF RECOVERED 

OR BELOW WITHIN: PATIENTS PATIENTS PATIENTS PATIENTS 
0-23 hr. 88 69.8 24 61.5 
24-47 hr. 33 96.2 9 23.1 
48 hr. and oven 5 3.9 6 15.3 
Total 126 99.9 39 99.9 


Complications (Table IV) were present in eight patients. Two had delayed 
resolution, One had a small pleural effusion. In one patient spread of the 
pheumonia was observed during treatment with aureomyein, but the pneumonia 
was eventually brought under control without increasing the dose of aureomyecin. 
One patient, who had a relapse of the pneumonia as a result of vomiting of 
aureomyein and who improved after penicillin therapy was instituted, has 
already been mentioned. Another patient suffered a relapse nine days after 
aureomyein therapy had been discontinued. A second course of 250 mg. of 
aureomyein at three-hour intervals was successful in bringing about a prompt 
recovery. One patient was receiving Paritol* intramuscularly while his 
pheumonia was being treated with aureomycin. He developed, in the buttock 


TABLE IV. COMPLICATIONS OF PNEUMOCOCCIC PNEUMONIA AND RESULTS OF TREATMENT WITH 
AUREOMYCIN 


| TYPED CASES 





COMPLICATIONS | NUMBER OF PATIENTS “NUMBER DIED 
Delayed resolution 2 0 
Pleural effusion 1] 0 
Spread ] 0 

} 
Relapse 2 0 
Pneumococecie abseess of buttock ] 0 
Endocarditis 1 0 
Total 8 0 


a’ the site of one of these injections, an abscess from which pneumococci were 
cuitured. This responded to incision and drainage and systemie treatment with 
aireomyein, Another patient experienced a drop in temperature under aure- 
o'vein treatment but later the fever returned, a tricuspid murmur appeared, 
al pneumococci were cultured from the blood. He was considered to have 
Pcumocoeeie endocarditis and recovered after eight weeks of treatment with 
» nieillin. 


*Paritol, sulfated ester of dehydro-mannuronic acid. 
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DISCUSSION 


Aureomyecin was first used in pneumococecie pneumonia by Collins, Paine, 
Although 
the results obtained with penicillin in this disease have been better than those 


and Finland,? who reported the successful treatment of two cases. 


obtained with any therapeutic agent previously employed, nevertheless there 
We considered it 


worth while, therefore, to give aureomyein an extended ¢linical trial. 


is still an appreciable fatality rate in the upper age groups. 
The ease 
fatality rate of 1.5 per cent which we obtained in 131 typed cases of pneumococcic¢ 
686 
This 


is shown especially well in a comparison of patients, arranged according to age 


») 


pneumonia compares very favorably with a rate of 5.2 per cent among 


patients treated in previous years in the same hospital with penicillin. 


groups, treated by us with sulfonamides, penicillin, and aureomyein (Table V). 
The difference between the fatality rates in the penicillin-treated and the aure- 
omycin-treated patients is not statistically significant, however, because of the 


small number of patients treated with aureomycin. 


PATIENTS WITH PNEUMOCOCCIG PNEUMONIA (ARRANGED 


PATIENTS) TREATED WITH SULFONAMIDES, 


FATALITY RATES IN 
ACCORDING TO AGE OF 


TABLE V. 





PENICILLIN, AND AUREOMYCIN 
SULFONAMIDES PENICILLIN AUREOMYCIN 
NUMBER socal NUMBER DIED NUMBER DIED 
AGE OF PATIENT OF PA PER OF PA PER OF PA PER 
(YR, ) TIENTS NUMBER CENT TIENTS |NUMBER CENT TIENTS |NUMBER CENT 
12-20 147 4, | o2 i @ 1.0 14. oO ? 0 
21-30 311 10 a 143 L-4 ; 1S G4 
31-40 329 33 10.0 175 6 e 37 0 ? Q 
$1-50 208 95 12.0 156 5 (CS sas 20) Oo 4 
51-60 136 35 25.7 64 S 19 l 
61-70 82 94, 99.3 52 9 15.1] 7 0 6.3 
Over 70 a7 15 10.5 36 6 G 1 
Age unknown 0 0 8 0 0 0 
All patients 1250 146 11.6 G86 36 D2 131 2 1.5 


In the patients who recovered, the temperature dropped more rapidly than 
in our patients who received penicillin, Among the aureomycin-treated patients, 
70 per cent had a temperature below 101° F. in less than twenty-four hours 
and 96 per cent within forty-eight hours; whereas among 262 patients treated 
with penicillin whose temperature drop was studied in this manner, the tem 
within twenty-four hours in 52 per cent and withi 
ot 


aureomyein are analyzed according to age, the presence of bacteremia, and thx 


perature fell below 101° F. 


forty-eight hours in 77 per cent eases. When the patients treated wit! 
presence of associated diseases, they are found to be similar to those treate 
with penicillin. Accordingly, it appears that aureomycin is as effective as peni 
cillin in the treatment of pneumococcie pneumonia, and there is a_possibilit) 
that it may even be more effective. A larger number of patients must be treate: 


before this can be determined with certainty. 


SUMMARY 


(1) Aureomyein has been used in the treatment of 174 patients with pne 
Among 131 patients with typed pneumococcie pneumonia there we 


monia. 
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two deaths, and two deaths, also, among 43 patients with pneumonia which was 
presumably pneumococcie although no pneumococci were recovered. 

(2) The fatality rate was lower and the temperature fell more rapidly in 
the patients treated with aureomycin than in 686 patients previously treated 
by us with penicillin. 


9) 


(3) It is concluded that aureomycin is at least as effective as penicillin 
in pneumococcie pneumonia. 


We wish to thank Dr. Jay A. Robinson, Dr. Thomas E. Stone, Dr. Walter Kurland, 
nd Dr. Charles K. Wolfe for clinical assistance and Miss Myrtle I, Meyer and Miss Pearl 


G. Roberts for technical assistance. 
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STUDIES ON RHEUMATIC FEVER 





COMPARATIVE VALUE OF THE WELTMANN SEROCOAGULATION REACTION AND THE 
SEDIMENTATION RATE (CUTLER) IN DETERMINING ACTIVITY 
OF THE RHEUMATIC PROCESS 


ITAROLD G. NELSON, M.D.,* AND LieEUTENANT COMMANDER JOHN R. SEAL, 
Mepicaut Corps, Unrrep STATES Navyt 


. of the more difficult problems encountered in the clinical management 
of rheumatic fever is the determination of that point at which the rheu- 
matic process can be judged to have become inactive. Frequently patients do 
not reach a clear-cut end point and continue to manifest one or more of the 
symptoms or findings which were present during the active stage for a pro- 
longed period after all other evidences of activity have disappeared. The lack 
of an accurate objective yardstick by which to evaluate such patients and by 
which to determine the safety with which they may be allowed gradual re- 
sumption of their normal activities results in a considerable variation in the 
handling of these cases. Much depends on the facilities available as well as 
on the training, experience, and native caution of the physician concerned. 
The laborious, expensive, and time-consuming process of obtaining serial elin- 
ical, electrocardiographic, and laboratory observations has led to the search 
for reliable and easily performed laboratory tests which afford reasonably 
accurate evidence upon which a physician can base a decision and with which 
he can easily detect recurring rheumatic activity. 


The sedimentation rate has come to be widely accepted as the single most reliable lab- 
oratory evidence of the presence or absence of rheumatic activity. Several observers, how 
ever, have sounded a note of caution in the placing of too much dependence on this test, 
pointing out the ease with which it is affected by many extraneous factors which are un 
related to the disease process. It has also been noted that in some patients the entire rheu- 
matic cycle is attended by little or no increase in the sedimentation rate while in other patients 
the sedimentation rate has remained elevated for prolonged periods after all other evidences 
of rheumatic activity have disappeared and the course of the patient would indicate that true 
inactivity has been obtained. Our experience has paralleled that of others in this regard and 
the critical review of the records of many rheumatic fever patients at this hospital revealed 
that a too great dependence in the past on the sedimentation rate would appear to have con 
demned some of the patients to what probably were unwarranted periods of confinement to 
bed. The serum coagulation reaction, devised by Weltmann! in 1930, has been the subject of 
a number of reports? which have indicated that the reaction may have a considerable field 
of clinical usefulness in the differentiation between disease processes characterized by inflam 
mation and exudation and those in which proliferation and fibrosis are predominant, although 


The opinions stated herein are the private ones of the authors and are not to be con 
strued as official or reflecting the opinions of the Navy Department or Naval Service at large. 

Received for publication, Oct. 27, 1949. 

*Now at the A. B. Smith Clinic, Stillwater, Okla. 
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L. Bailey, M.C., U.S.N., Lt.j.g. John S. Graettinger, M.C., U.S.N., Lt.j.g. Perry D. Cohn, M.C 
U.S.N.R., and Lt.j.g. Lynn E. Anthony, M.C., U.S.N. 
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the sedimentation rate may be increased in either. These reports have also indicated that 
the Weltmann reaction is little influenced by allergic and metabolic disorders, anemia, 
salicylates,3 or other factors which are known to sometimes alter the sedimentation rate. 
Dees,* in 1940, summarized the literature on the reported results of the Weltmann reaction 
and reported her findings in 246 patients with a variety of disorders, the majority of whom 
were children with rheumatic fever or acute appendicitis. Her results were in agreement with 
those of previous workers, namely: in diseases characterized by inflammation and exuda- 


” 


tion there was a ‘‘shift to the left’’ of the reaction (coagulation of the serum occurring only 
with higher concentrations of electrolyte); in those characterized by fibrosis or proliferation 
there was a ‘‘shift to the right’’; and in normal individuals, those with allergie and metabolic 
disorders, blood dyscrasies, and chronic arthritis there was a constant reaction in the mid- 
zone (‘*‘normal’’), 

Scherlis and Levy,5 investigating the relationship of the Weltmann reaction and the 
erythrocyte sedimentation rate (Wintrobe) in patients with active rheumatic fever and rheu- 
matic heart disease, concluded that in a single determination a normal coagulation band and 
a normal sedimentation rate were equally accurate (93.9 and 91.1 per cent respectively) in 
indicating the absence of active disease, but that an abnormal Weltmann reaction, especially 
a shortened coagulation band (‘‘shift to the left’’), was more frequently associated with 
disease activity than was an elevated sedimentation rate. They were unable to attach any 
prognostic significance to a persistent ‘‘shift to the right’’ of the Weltmann reaction in the 
development of rheumatic heart disease within the interval their patients remained under obser- 
vation. These results were in agreement with an earlier study by Klein, Levinson, and Rosen- 
blumé of children with rheumatic fever. These authors found that the Weltmann reaction 
reflected the various stages of evolution of the pathologic changes of rheumatic fever, that 
it tended to return to normal prior to the sedimentation rate when the process became in- 
active, and that it was of considerable complementary value to the sedimentation rate. Fur- 
thermore, they noted the value of the Weltmann test in the differentiation of subacute bac- 
terial endocarditis from active rheumatic carditis. 


The relatively large number of rheumatie fever patients available at the 
United States Naval Hospital, Dublin, Ga., presented us with an opportunity to 
conduct an extensive study of the Weltmann reaction and to compare its 
value with that of the erythrocyte sedimentation rate. By comparing the 
clinical status of the individual patients with the results of the sedimentation 
rate and the Weltmann reaction at specified intervals over a relatively long 
period of time, it was sought to determine which test was of more value as a 
criterion of rheumatie activity and the complementary value of routinely 
performing both tests on patients with rheumatic fever. 


MATERIAL AND METHODS 


Between November, 1946, and January, 1948, 400 patients with a diagnosis of rheu- 

matic fever had a sufficient number of serial Weltmann reactions performed to warrant their 
nelusion in this study. Patients who were in the hospital at the inception of this study and 
lo were expected to require several months of further hospitalization were included re- 
irdless of the stage of their disease, and others, transferred to this hospital during the 
udy period, were added when the workload permitted. Since patients with rheumatic fever 
ere usually retained at the hospital to which they were initially admitted until it was con- 
dered safe for them to travel, the majority had attained an inactive phase of the disease 
rior to transfer and had no recurrences while under our observation. 

These patients were all white men between 18 and 25 years of age transferred to this 
ispital for convalescence. The selection of patients for inclusion in the study of the case 
those patients present in the hospital at its inception was predicated only upon their prob- 

le availability over a considerable period of time. Selection of those patients transferred 
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to the hospital after the beginning of the study was automatic, all being nominated for in 
clusion, and the laboratory continued observations upon as many as the workload would al- 
low in the order of their nomination. All patients who had less than four observations re 
maining after all deletions were dropped from the study and no results from such patients 
appear in the totals. 

Fifty of the 400 patients were classified as showing clinical evidences of activity ac 
cording to the criteria defined below, usually only during the initial period of observation in 
those admitted during the course of the study. A few patients had recurrent polycyeli¢ ac 
tivity throughout. The remaining 350 patients presented no evidences of clinical activity 
of the rheumatic process at any time during their period of observation. 

Criteria for Determining Clinical Activity of Rheumatic Fever.—Herein lay the most 
difficult problem presented by the study. The extreme variability of symptoms and findings 
which can be accepted as indicating that rheumatic activity of some degree continues is such 
that the adoption of a single criterion is impossible. It is agreed that following an attack 
of rheumatic fever, continued low-grade fever, tachycardia, weight loss or failure to gain on 
an adequate diet, anorexia, pallor, skin nodules, recurrent erythema marginatum, persistent 
or intermittent arthralgia, changing cardiac findings, and instability of the electrocardiogram 
are among the more common evidences that the rheumatic process has not yet reached an 
inactive phase (provided no other cause can be found for the persistence of one or more 
of these findings). Less tangible but not to be ignored in a military hospital if one wishes 
to obtain the maximum information concerning a patient’s clinical course is the opinion of an 
experienced observer who has had the opportunity to watch the patient over a considerable 
period of time and is familiar with his behavior on the ward when he is not aware of being 
directly under scrutiny. 

Fortunately, prior to the inception of this study, an attempt had been made by the 
medical service to provide a systematic method of weekly evaluation of rheumatic fever pa 
tients for evidences of activity in order to allow the safe assignment of all patients to re 
habilitation activities according to their degree of convalescence. A standardized plan, known 
locally as the Dublin Plan, had been adopted early in 1946 and published in chart form on all 


rheumatic wards. All medical officers engaged in the care and treatment of rheumatic p: 


tients were required to familiarize themselves with the classification of patients set forth by 
this plan, and detailed instructions were provided therein for the clinical and laboratory 
criteria to be used in classification as well as the activities allowed and the treatment pro 
gram to be followed. Strict bed rest was enforced and oral salicylate therapy (125 grains 
per 24 hours) was routinely given during the early phase of the disease. Abatement of the 
clinical phenomena and trends of the weekly electrocardiograms, leucocyte counts, and sedi 
mentation rates toward normal allowed an increase in the recreational activities in bed, but 
a patient was not allowed to become ambulatory until all evidences of activity had disap 
peared and had remained absent for at least one week after the cessation of salicylate therapy 
Ambulation followed a carefully regulated program of gradually increasing activity until 
full physical activity had been resumed prior to the patient’s release from the hopsital. The 
plan required continuation of careful clinical and laboratory observations throughout this 
entire period for early detection of recurrence of rheumatic activity, should this occur. 

All medical officers were required to submit a list of their patients by classification t: 
the Chief of Medicine once weekly. Each medical officer was thus charged with the responsi 
bility of weighing all of the evidence of rheumatic activity in each of his patients at no mor 
than weekly intervals. Discrepancies or unusual trends in the patient’s course were normall) 
cause for consultation between the Chief of Medicine and the patient’s ward medical office 

Experience gained through the operation of this program had qualified the majority 0 
the ward medical officers in the accurate interpretation of evidences of rheumatic activit 
and most had learned to disregard a persistent elevation of the sedimentation rate in makin 
their evaluations. For this reason it was determined that the most reliable evidence whi 
could be used in evaluating the Weltmann coagulation reaction and the sedimentation rat 
would be the ward medical officer’s opinion as to the status of his patient at the time tl 


blood was drawn for performance of these tests. It was recognized that his opinion mig! 
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be influenced by the results of the tests done the previous week which could not be withheld 
for obvious reasons, and in order to minimize bias from this source each patient’s chart was 
later reviewed with the cognizant medical officer and wherever the chart did not contain sup 
portive entries to substantiate his opinion that the patient had been ‘‘active,’’ the results 
were deleted for the week in question. 

Technique of the Weltmann Reaction.—Stock solutions were prepared by the addition 
of the following quantities of a 10 per cent solution of calcium chloride hexahydrate* to a 
series of ten 500 ¢.c. glass-stoppered volumetric flasks: 5.0, 4.5, 4.0, 3.5, 3.0, 2.5, 2.0, 1.5, 1.0, 


’ > = , 


and 0.5 ec. Each flask was then numbered in order from one to ten, filled to the 500 e.e. 


mark with distilled water, and thoroughly mixed. Each stock solution thus contained the 
final concentration of calcium chloride indicated below: 
Flask l 2 3 | 5 6 7 8 4) 10 

Per cent Cone. CaCl, 0.10 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 

To perform the test, 0.1 ¢.c. of nonhemolyzed patients serum was placed in each of ten 
13 by 100 mm. test tubes which were serially numbered and placed in a rack in order from 
one to ten. To each test tube were added 5 ¢.c. of the correspondingly numbered stock solu 
tion; the individual tubes were vigorously shaken by hand, returned to the rack, and the rack 
was immersed in a boiling water bath to a depth equal to two-thirds of the height of the 
tubes. After fifteen minutes the tubes were removed from the boiling water and read im 
mediately. A control serum with a normal value was routinely run on each day the Welt 
mann test was performed. 

Reading the Test: The last tube showing definite coagulation was read as the coagula 
tion band. If there was a definite coagulum (flocculation) in the next tube but the menstruum 
was not clear, the reading of one-half was used; thus if the first six tubes showed complete 
coagulation and the seventh tube showed partial coagulation, the coagulation band was read 
as 6.5. Weltmann reported that normal serum gives a coagulation band of 6. If the coagu 
lation occurred in Tubes 7, 8, 9, and 10 (band is greater than 6), there is a ‘‘shift to the 
right’’; conversely a coagulation of less than 6 represents a ‘‘shift to the left.’’ 

In our routine work we eventually utilized what we have termed ‘‘the preliminary 


3 


Weltmann which consisted of using only Tubes 4 to 8 inclusive. If coagulation failed to 
oeceur in Tube 4, Tubes 1, 2, and 3 were then run. If coagulation occurred in all tubes in 
eluding Tube 8, then Tubes 9 and 10 were run. 

Technique of the Erythrocyte Sedimentation Rate.—The Cutler method, being the most 
commonly used method in Naval hospitals, was continued routinely throughout the period 
of this study. Five-tenths cubic centimeter of 3.8 per cent sodium citrate was placed in a 5 

Cutier sedimentation tube and freshly drawn blood was added to bring the column to 
‘zero mark. The tube was inverted six times, placed in a vertical position in a metal rack, 

{ read at the end of one hour. Any reading above 10 mm. per hour was considered to be 
abnormal or increased sedimentation rate. In the event that a patient had an anemia or 
enever there was continued disagreement between the patient’s course and the Cutler re 
7 


ts, the method of Wintrobe and Landsberg? was employed concomitantly with the Cutler 


thod, 
RESULTS 

Statistical Analysis of Derived Data—The data from each patient was 
entered weekly onto a large chart. The presence or absence of clinical activity 
s indicated simply by the insertion of a pilus or zero sign and the actual 
sults of the sedimentation rate and Weltmann reaction were entered opposite 
this under the appropriate week of illness. As the object of the study was to 
compare the two tests with the state of activity of the rheumatic process ad- 


*CaCl.6H2O Merck. Use of the hexahydrate is essential to the correct performance of 
t test. 
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judged clinically, either or both of the tests were given credit for being in 
error when the results were in disagreement with the entry under clinical 
activity. Thus if the entry under clinical activity was a plus sign, the Welt- 
mann reaction had been read as showing coagulation to be complete in the 
sixth tube (normal), and the sedimentation rate was 25 mm. per hour for a 
given week, the patient was credited with a Weltmann error for that week. 
In those patients who exhibited no evidences of activity throughout their 
course and on whom observations had been begun immediately upon admis- 
sion or continued until disposition, the first or last three weeks’ observations 
were deleted from the results prior to statistical analysis in order to eliminate: 
errors Which might be introduced by subsiding activity or preceding recurrent 
activity about which we had inadequate information. After all deletions the 
400 men had a total of 2,552 observations remaining for an average of 6.4 
observations per man. As might be expected those who exhibited activity while 
under observation had more observations made because of their longer retention 
in the hospital and the 50 men in this category had a total of 695 observations 
remaining for an average of 13.9 observations per man. The 350 men who 
exhibited no activity averaged 5.3 observations per man. 

The results obtained on the entire series of 400 patients are shown in 


Table I. 


TABLE I. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND THI 
CLINICAL STAGE OF ACTIVITY IN 400 RHEUMATIC FEVER PATIENTS 


TOTAL ERRORS 
: _ ; ~ NUMBER — _ - PER CENT — 
OBSERVA | OBSERVA eat” OBSERVA- 
TEST | MEN TIONS MEN TIONS | MEN } TIONS 
~ Weltmann 400 2552 17 71 11.8+1.61 | 2.8+0.33 
Cutler 100 2552 | 136 343 34.0 + 2.37 | 13.44 0.21 


It is seen from Table I that the Weltmann test failed to correlate with the 
clinical status 71 times, whereas the sedimentation rate yielded 343 discrep- 
ancies. We thought it of interest to analyze the results in detail according to 
whether or not the patient had rheumatic activity. Table IT shows the results 
obtained in the 50 patients who showed e¢linieal activity while they were under 


observation. 


TABLE II. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND T! 
CLINICAL STAGE OF ACTIVITY IN THE 50 PATIENTS EXHIBITING ACTIVE 


RHEUMATIC FEVER DURING STUDY 
7 TOTAL ; | ERRORS 
4 "NUMBER | ~ PERCENT _ 
OBSERVA- | OBSERVA- | | OBSERVA 
TEST MEN TIONS MEN | TIONS | MEN | TIONS 
Weltmann 50 695 20 | 35 | 40+6.9 | 5+0.8 
—— | - | -—_ | =. | © | @62en | teri 
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One of the first things that should be pointed out is the difference in the 
number of men incurring errors as designated by the results of the two tests. 
When the observations are considered and using patients as a unit, only 20, or 
40 per cent of the men contributed discrepancies from the Weltmann, whereas 
32, or 64 per cent, were considered as having errors from the Cutler. This 
means that the ward medical officer could, from this particular sample of pa- 
tients, have aecepted the Weltmann test results alone and been correct for 
three-fifths of the men. The Cutler would have given consistent results for 
approximately two-fifths of the men.* 

Of the 20 men having incorrect Weltmann results, 16 also showed up as 
being recorded with Cutler errors. This would leave 4 men having Weltmann 
errors only. Of the 52 men for whom aberrant Cutler results were recorded, 
16 did not show Weltmann errors. The former group (4 men) contributed 
five errors (three of these errors occurred or were recorded for the last week 
of activity) and the latter group (16 men) contributed twenty-eight errors. 

There were 695 observations made on the 50 men ineluded in the study 
or an average of about 14 observations per man. There was a minimum of 
one week between recorded observations, although this interval was two or 
three weeks in some cases. The maximum number of observations was 35, 
with 8 being the smallest number for any individual. 

Of the 695 observations, 35, or 5 per cent, of the Weltmann results were 
shown as not coineiding with the clinical status and 82, or 12 per cent, of the 
sedimentation rates disagreed with the ward medical officers’ decisions as to 
the eclinieal status (this difference could be attributed to chance less than 1 
time in 100), 

Table IIT shows the relationship of the Weltmann and Cutler results when 
limited to those weeks when the patient was judged to be clinically active. 


TABLE IIT. DiIScREPANCIFs BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND CLIN- 
ICAL STATUS IN 50 RHEUMATIC FEVER PATIENTS WHEN OBSERVATIONS ARE 
RESTRICTED TO ACTIVE STAGE ALONE 


ERRORS 


NUMBER aaa NUMBER _| PERCENT 
| OF | | OBSERVA- | | OBSERVA- 
TEST | OBSERVATIONS | MEN TIONS | MEN TIONS 
Weltmann | 281 | 17 | 29 | 3445.3 | 1041.8 
Cutler sid 281 | 15 | 54 | 30+5.1 10+ 2.4 


There were 17 men (34 per cent) who produced Weltmann errors and 
1) men (30 per cent) representing Cutler disagreements. This small differ- 
ence would be attributed to sampling errors. Twelve of the 17 men pro- 
ducing Weltmann errors did not show Cutler errors and 10 of the 15 patients 
for whom Cutler errors were recorded produced no Weltmann errors. There 
Were 26 different individuals that produced either Weltmann or Cutler errors 
or both (when the observations are considered, twice as many errors were 
recorded for the Cutler as for the Weltmann). This is a significant difference; 


*The indications are, on repeated samples, that the Weltmann would vary between 81 
an 41 per cent correct while the Cutler would fluctuate between 57 and 15 per cent. 








226 NELSON AND SEAL 


however, there are apparently some individual patient differences that in- 
fluence the results. In the first place it may be seen in Table IIL that 17 men 
contributed 29 Weltmann errors while at the same time only 15 men produced 
54 Cutler errors. This is an average of 1.7 Weltmann errors per individual, 
while the Cutler average is 3.6 per individual or over twice as many. Upon 
re-examining the original data, it was found that 4 individuals had mutual 
errors, Le., Weltmann and Cutler results both aberrant. Upon closer inspee- 
tion it looked as if 4+ individuals (Patients 23, 24, 40, and 48) might have been 
influenced by other factors and there is still some doubt whether they belonged 
in the same population as the other 46 patients. 

In Table LV is a summary of the test results in these patients, one of whom 
died of active rheumatice fever; the other three were invalided from service 





with valvular heart disease. 


TABLE IV. UNtSvUALLY HIGH INCIDENCE OF DISCREPANCIES BETWEEN LABORATORY RESULTS 
AND CLINICAL STATUS IN 4 PATIENTS WITH ACTIVE RHEUMATIC FEVER 


NUMBER OF OBSERVA 


TIONS CUTLER ERRORS WELTMANN ERRORS MUTUAL ERRORS 
TOTAL | ACTIVE NUMBER PER CENT NUMBER PER CENT NUMBER PER CENT 

85 67 32 12 14 LS 12 16 

*One died of active rheumatic fever; 3 were discharged with valvular heart disease. 


These four patients had a total of &85 observations or an average of 21.2 
as compared with the over-all average of 13.9. Furthermore, 67, or 79 per 
cent, of all the observations were made while the patients were in a ¢linieally 
active stage. It may be noted that 42 per cent of all the Cutler results were 
divergent, as opposed to a discrepancy of 18 per cent in the Weltmann results. 
These may be compared with all patients included in Table II] where only 10 
per cent Weltmann and 19 per cent Cutler errors were reported. 

In view of the foregoing comments it seemed appropriate to present in 
Table V an abridged version of Table III with all data relating to Patients 
24, 34, 40, and 48 deleted. 





TABLE V. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND CLI 
ICAL STATUS IN REMAINING 46 PATIENTS WITH ACTIVE RHEUMATIC FEVER 
AFTER DELETION OF THE 4 PATIENTS IN TABLE LV 


TEST NUMBER OF ERRORS PERCENTAGE OF ERRORS 
Weltmann 15 V2 7 
an Cutler 22 10 + 23 


As may be noted from Table V, the per cents of error of the Weltman: 
and Cutler tests approach each other when the data contributed by the for 
patients mentioned are not ineluded. The number of men involved would }y 
13 for the Weltmann and 11 for Cutler (four less for each test than shown 
Table III) and this would mean about one Weltmann error and two Cutler 
errors for each individual for whom errors were reported. 

While the discussion is still limited to the active periods, it might be w 
to introduce the other important variable—time. Table VI provides inforn 


tion concerning the terminus of the active cycle. 
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‘ABLE VI. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND CLIN 
ICAL STATUS IN OBSERVATIONS MADE DURING LAST 4 WEEKS OF ACTIVITY ON 47 
RHEUMATIC FEVER PATIENTS 


ERRORS 

NUMBER OF NUMBER | PER CENT 
WEEK OF ACTIVITY OBSERVATIONS WELTMANN CUTLER | WELTMANN CUTLER 

Total 171 16 19 9 1] 
Last week 63 12 12 19 19 
Next to last week 14 3 3 | 7 7 
2nd to last week 32 0 I 0 a 
3rd to last week 22 l 3 a 14 


*Data from 8 patients omitted because of their transfer elsewhere while still active. 


Kach test had twelve errors recorded in the last week of the active cycle. 
This was 19 per cent of the observations for the week. The 19 per cent error 
was the same as shown in Table IIIT for the Cutler and about twice the total 
active error rate for the Weltmann. 

There was a total of twenty-six active stage Weltmann errors and forty 
Cutler errors for the 47 patients included in Table V. In other words, 46 
per cent of the Weltmann and 30 per cent of the Cutler discrepancies were 
recorded in the final week of the clinically active stage. It is obvious that 
there is a decided grouping of the errors just prior to the time the patient’s 
clinical activity disappears. 

Practically all of the comments made previously have been limited to 
observations made while the patients were considered to be clinically active. 
Since the greater part of the total observations was made during the inactive 
stages, Table VIII is presented to give information regarding the results dur- 
ing this phase. 

TABLE VII. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND 


CLINICAL STATUS IN 50 PATIENTS AFTER TERMINATION OF ACTIVE 
RHEUMATIC FEVER 


| TOTAL | ~~ ERRORS 
id NUMBER” PER CENT 
| OBSERVA- | OBSERVA- | OBSERVA- 
TEST MEN TIONS MEN TIONS MEN | TIONS 
Weltmann 50 444 6 6 ig 46 | 1205 


Cutler 50 414 19 28 38 + 6.8 je © 

By referring to Table II it may be seen that there were 695 total observa- 
tions made on the 50 patients. Table VII reveals that 414 (60 per cent) of 
the total observations were made while the patients were judged by the ward 
medical officers to be clinically inactive. From Table III a direct comparison 
meay be made on the test results for the active and inactive stages. The Welt- 
mann errors involved 34 per cent of the men in the active period against 12 
per cent (Table VII) during the inactive period (the probability of this hap- 
peving by chance is less than 1 in 100). There was also a significantly smaller 
pe-centage of observation errors for this test in the inactive period than in 
the clinieally active stage—l per cent as compared to 10 per cent. There was 
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also a significantly smaller percentage difference in the Cutler observation 
errors. During the active interval 19 per cent of the Cutler observations were 
aberrant as compared with only 7 per cent of the inactive results.* However, 
instead of the smaller number of men, there were actually more (10 to 15) 
related to Cutler errors in the inactive period than in the clinically active 
intervals. It becomes obvious that the chances of an observation being in 
error are much greater while the patients are clinically active. When the 
comparison of the test is restricted to only the inactive period, the Weltmann 
errors involve only 12 per cent of the men as contrasted to 58 per cent for the 
Cutler test. When observations only are considered, only 1 per cent of the 
Weltmann test results were recorded as incorrect while 7 per cent of the sedi- 
mentation rates were abnormal. It would appear that the Weltmann is sig- 
nificantly more reliable (correlates with the clinical status) than the Cutler 
when rheumatic fever patients are clinically inactive. 

There is perhaps one additional question that should be answered—When 
did the observation errors occur, especially the Cutler errors? It has been 
mentioned previously that many of them happened in the first normal week. 
Table VIII provides a breakdown of the observations for both the Weltmann 
and Cutler tests during the first four weeks of the inactive periods. 


TABLE VIII. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND 
CLINICAL STATUS DURING FIRST 4 WEEKS OF INACTIVITY FOLLOWING 
ACTIVE RHEUMATIC FEVER 


ERRORS 
NUMBER OF |— ai 


OBSERVA- | NUMBER PER CENT 
WEEK OF INACTIVITY TIONS | WELTMANN CUTLER WELTMANN CUTLER 
~ iret week | 63 =| O 12 0 19 
~ Second week $1 - 0 } () 10 
Third week «85 j l 2 3 6 
Fourth week — | ——_—. i. . - a 0 ; ia 0 
—  t. —_ 4 l 18 ] | 


Eighteen Cutler observation errors occurred during the first four weeks 
of the clinically inactive period. Of these, twelve, or 43 per cent of the twenty- 
eight total inactivity discrepancies, occurred during the first week following 
the active periods. As has been mentioned, there were also twelve observa- 
tion (Table VI) errors in the last week of the active periods. However, upon 
checking, it was found that the same individuals were not involved. 

The results obtained in the 350 patients who did not exhibit elinicall) 
active rheumatie fever while under observation are found in Table IX. 

In going over the patients’ records it was found that there were 22 pa 
tients who had four or more abnormal sedimentation rates during the cours: 
of our observation. Out of a total of 254 observations on these patients, ther 
were 136 observations in which the sedimentation rate was considered al) 
normal, i.e., above 10 mm. per hour. These patients did not have an anemi 


*If the comparison were made with only the 46 men included in Table V, the observ« 
percentage difference in Cutler errors could easily have resulted by chance. 
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TABLE IX. DISCREPANCIES BETWEEN WELTMANN REACTION, SEDIMENTATION RATE, AND CLIN- 
ICAL STATUS IN 350 PATIENTS WHO Dip Nor EXHIBIT ACTIVE RHEUMATIC 
FEVER DURING STUDY 


ERRORS 


| - TOTAL {[rrors 
| | | NUMBER | PER CENT 
| OBSERVA- | ; i OBSERVA- | | ~ OBSERVA- 
TEST | MEN | TIONS | MEN | Ions | MEN | TIONS 
Weltmann. | 350 | 1,857. | 27 36 7.74142 | 1.94.32 
Cutler 350 1,857 104 261 | 29.7 + 2.46 14.1 + .81 
and there was no evidence of clinical activity. If these 22 patients are ex- 


eluded from the 350, the percentage of Cutler values which does not correlate 
with the clinieal findings is 7.8. This figure is similar to the 7 per cent dis- 
agreement found during the inactive period of the 50 patients with rheumatic 
fever who had elinieal activity during this study (Table VII). 

DISCUSSION 

The foregoing statistical analysis of the data derived in this study has 
indicated that both tests correlated to a high degree with the selected criterion 
for clinieal activity of the rheumatie fever, the Weltmann reaction being more 
often in agreement than the sedimentation rate. Furthermore, the analysis 
indicated that at certain periods in the activity cycle of the rheumatic process 
there was a tendency for greater numbers of discrepancies to occur (Tables 
VI and VIII) and that certain patients contributed more than their share of 
discrepancies in the correlation between these tests and the state of elinical 
activity (Tables IV and 1X). Recognition of these two sources of error al- 
lows one to place even a higher degree of faith in the results of the two tests 
in most patients, particularly when they were used in conjunction. 

It was expected that a greater percentage of errors or discrepancies 
would be seen in the transition zone between activity and quiescence of the 
rheumatic process because of the inherent difficulty in placing an exact end 
point within a narrowly defined time interval on the interpretation of clinical 
activity. If errors were introduced by faulty clinical appraisal alone during 
this period, it might be expected that they would occur equally in both tests 
and this appears to occur in the analysis of the errors occurring during the 
last two weeks of activity (Table VI). However, the results for the first 
two weeks of inactivity (Table VIII) are quite different and involved 
only errors in the sedimentation rate. At first glance this might be interpreted 
as indieating that the Weltmann reaction results influenced the medical of- 

ers opinion and introduced a large factor of bias, but the results presented 
ii Table VII are against any such interpretation and in our experience the 
errors are largely due to the earlier return of the Weltmann reaction to nor- 
il values, often occurring prior to the disappearance of clinical evidences of 
itivity and being of some prognostie value, whereas in a number of patients 
sedimentation rate declined to normal values one or two weeks follow- 
» the disappearance of clinical activity. Fig. 1 illustrates this phenomenon 
d, as ean be seen, this one patient introduced two errors in the Weltmann 
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reaction results during the final two weeks of activity and one error in the 
sedimentation rate during the initial week of inactivity. Tig. 2, depicting a 
somewhat more complicated course in an indivdual with pericarditis and rheu- 
matie pneumonitis who had a recurrent pericarditis following tonsillectomy, 
illustrates not only this souree of error but also presents in linear form the 
behavior of the Weltmann reaction during some of the more exudative man- 
ifestations of the rheumatie process. 

With a few exceptions (Table IV) the errors introduced by the oeeur- 
rence of multiple discordant observations in the same individual involved 
mainly the sedimentation rate and fell into two general patterns. Certain 
patients failed to exhibit increases in the sedimentation rate at any time while 
under observation although adjudged ‘‘active’’ by their medical officer on 
the basis of eleetrocardiographie instability, elinieal carditis, or other evi- 
dence. Such a patient is illustrated in Fig. 3 and this one patient introduced 
thirteen errors in the sedimentation rate and seven errors in the Weltmann 
reaction during a 16-week period. One might question the validity of the 
clinical interpretation in such a patient, but the persistence of an unstable 
and prolonged P-R interval coupled with changing eardiae findings through- 
out the period indieated by plus marks and later stability of these findings can- 
not be appraised otherwise. 

The second type of patient encountered who introduced multiple errors 
was somewhat more frequent than the type illustrated in Fig. 3 and consisted 
of those individuals who exhibited a persistent elevation of the sedimentation 
rate after all other evidences of activity had disappeared. Fig. 4 illustrates 
such a patient. Eight of ten sedimentation rates (plus two Wintrobe ecor- 
rected sedimentation rates) performed over a 24-week period were in error 
as compared with no errors in the Weltmann reaction. Patients of this type 
contributed a large share of the errors in Table LX, as is noted in the eom- 
ments coneerning that table. Patients exhibiting persistently abnormal Welt- 
man reactions when the clinical appraisal was ‘‘inactive’’ and the sedimenta- 
tion rate was normal were not encountered, and in our experience one of the 
hiore outstanding values of the Weltmann lay in its assistance in the evalua- 
tion of such eases with persistently elevated sedimentation rates. 

Over and above the value of the Weltmann reaction indicated in the 
statistical tabulation of its accuracy in rheumatic fever is its ability to provide 
in/ormation of importance in differential diagnosis. The following ease report 
strates one such usage. 

A, 8. E., an 18-year-old white man, had a past history of rheumatic fever at the age of 

lle was transferred to this hospital twenty weeks after the onset of carditis and peri- 

cariitis following a respiratory infection in October, 1946. Upon admission he was found 
» weak, undernourished, anemic, and mildly dyspneic. The patient had low-grade fever 
tachyeardia, subcutaneous nodules over the elbows, and an enlarged heart with the 

urs of aortic and mitral insufficiency. Upon a regime of bed rest, salicylates, and 

r ‘ted salt intake he improved somewhat with an increase in the vital capacity from the 
‘sion level of 1,500 ¢.c. to 2,300 ¢.c. by the thirty-first week. He was still considered to be 


ve’? and the diagnosis of subacute bacterial endocarditis continued to be strongly 
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entertained by several observers although serial blood cultures had been negative. During 


the thirty-second week the patient rather suddenly developed a rapidly progressive 


heart failure and died in spite of treatment. The post-mortem examination revealed an active 
myocarditis and endocarditis superimposed on an old aortie and mitral valvular disease, 
pericardial adhesions, and the usual evidences of passive congestion. 


The laboratory data is tabulated below: 


TIME FROM ONSET CUTLER WELTMANN 
OF RHEUMATIC FEVER SED. RATE REACTION CLINICAL 
(WEEKS) (MM./HR. ) (TUBE) ACTIVITY 

20 29 1.0 

23 32 a0 

24 30) $.5 

95 5) 1.0) 

26 0) ae 

27 27 3.0 

28 Ae} £5 

29 21 t.D 

30 24 2.5 ~ 
+1 29 4.0 
32 23 5.0 


This is one of the two patients included in the 400 under study who died 
of active rheumatie fever. Both the sedimentation rate and Weltmann re- 
action were in agreement with the clinical course and the pathologie findings. 
The Weltmann reaction provided strong evidence against the clinical impres 
sion of subacute bacterial endocarditis which was entertained because of this 
patient’s failure to show a greater degree of clinical improvement and his 
prolonged febrile course. Although our experience has been limited and 
largely confined to suspected and later disproved eases, the Weltmann reaction 
has behaved as described by others® in differentiating active rheumatic 
carditis from subacute bacterial endocarditis by exhibiting a ‘‘shift to left’’ 
in the former as compared to a normal zone reaction in the latter condition. 
This has been explained as being due to the exudative reaction which accom- 
panies active rheumatic earditis and the lack of exudation in subacute bae- 
terial endoearditis. 


SUMMARY 


1. The Weltmann serocoagulation reaction proved to be a laboratory ad- 
junct of considerable value in the prediction of rheumatic activity in a large 
group of naval patients hospitalized with rheumatic fever. 

2. Of a total of 2,552 observations upon 400 patients with or convalescent 
trom rheumatie fever, the Weltmann reaction correlated with the clinical 
Status 97.2 per cent of the time against a correlation of 86.6 per cent for the 
Cutler sedimentation rate. 

3. In 46 patients who exhibited rheumatie activity during the study, the 
Weltmann reaction correlated with the clinical status 93 per cent of the time 
agvinst a Cutler sedimentation rate correlation of 90 per cent of the time 
diving periods of activity. The respective correlations during periods of in- 
ac ivity on these patients were 99 per cent for the Weltmann and 93 per cent 
fo: the sedimentation rate. 
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4. Of a total of 1,857 observations upon 350 patients who exhibited no 
rheumatie activity during the course of study, the Weltmann correlated 98.1 
per cent of the time and the sedimentation rate 85.9 per cent of the time with 
the elinieal observations. When the 22 patients who had four or more ab- 
normal sedimentation rates were excluded, the Cutler sedimentation rate 
correlation was raised to 92.2 per cent. 

5. Certain patients contributed more than their share of errors and were 
significantly important in the greater percentage of discrepancies which oe- 
curred in the sedimentation rate. These patients were those who failed to 
show expected increases of the sedimentation rate during periods of activity, 
and second, those who exhibited persistently elevated sedimentation rates fol- 
lowing the cessation of activity. Similar persistent discrepancies between the 
Weltmann reaction and the clinical course of the patient were not observed. 

6. The Weltmann reaction is of particular value as a complementary test 
to the sedimentation rate in the handling of large numbers of rheumatie pa- 
tients where the physician must depend on laboratory evidences of rheumatic 
activity to a large extent in the management of patients under his care. It 
is also of particular value where discrepancies between the sedimentation 
rate and the clinical course leave him undecided as to the state of activity 
of the rheumatie process in his patient. 

We deeply appreciate the aid given us by Captain R. L. Ware, M.C., U.S.N., Director, 
and Mr. W. V. Charter, Deputy Director, Medical Statistics Division of the Bureau of 
Medicine and Surgery, Navy Department, in the detailed statistical analysis of the data. We 
also appreciate the technical assistance of Chief Hospitalmen G, N, Stadler and G. H. 
Grimes, U.S.N., whose proficiency and devotion to duty allowed the accomplishment of the 
work involved in this study. 
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THE INFLUENCE OF URINARY pH ON THE RENAL EXCRETION 
OF SALICYL DERIVATIVES DURING ASPIRIN THERAPY 


WiuuiaM S. Horrman, M.D., Pu.D., AND CATHERINE Nose, B.S. 
Cuicaco, Iu. 


HE use of large doses of salicylates in the treatment of acute rheumatic 

fever has aroused increasing interest in the metabolism and excretion of 
this drug. Kapp and Coburn! have demonstrated that when sodium salicylate 
is administered either perorally or intravenously about 80 per cent of the drug 
is excreted in forms containing the salicyl radicle over a period of seventy-two 
hours. The remaining 20 per cent cannot be accounted for. Of the excreted 
salicyl compounds, about 20 per cent was recovered by these authors in the form 
of free salicylate, about 55 per cent as salieylurie acid (orthohydroxyhippurie 
acid), and most of the remaining 25 per cent as glycuronides. Such conjugated 
salicylates have not been found to be present in the plasma. In fact, after 
sodium salicylate administration, the salieyl compounds extractable from the 
plasma by ethylene chloride, chloroform, or other organic solvents are prac- 
tically the same whether the extraction is or is not preceded by hydrolysis with 
strong acid.? * * > 

That the rate of excretion of salicylate is dependent upon the pH of the 
urine has been suspected for some time, in spite of the statement of Goodman 
and Gilman® to the contrary. Morris and Graham,’ as early as 1931, reported 
an inerease of salicylate in the urine after bicarbonate administration. Smull, 
Wegria, and Leland*® showed that bicarbonate simultaneously administered with 
salicylate produced a lower plasma salicylate level than when no bicarbonate 
was given. These authors surmised that the lowering was at least in part due 
to the inereased renal excretion of salicylate. These findings have been con- 
firmed by Smith and co-workers‘ and by Williams and Leonards.° 

The most comprehensive study of the effect of alkali upon the exeretion of 
salicylate was made by Smith and co-workers.t| They developed an ingenious 
method for the quantitative partition of urinary salicylate fractions, based on 
the differential extractability of free salicylate, salicylurate, and salieyl gly- 
curonides by ethylene dichloride and carbon tetrachloride and on the differential 
hydrolyzability of these fractions on boiling with acid. Smith and colleagues 
derived equations which allowed them to estimate total salicylate (ST), free 
salicylate (SA), and salicylurie acid (SU). By utilizing this method in the 
study of salicylate excretion in normal subjects and in patients with rheumatic 
fever, these authors demonstrated that the administration of sodium bicarbonate 
With salicylate lowered ,the plasma salicylate levels and that this lowering was 


nodueed by the increased excretion of free salicylate as the pH rose above 7.0. 
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Smith’s report appeared while we were engaged in a study of the bio- 
chemical changes involved in the development of salieyvlism during aspirin 
therapy of acute rheumatic fever and in acute aspirin poisoning, The increased 
excretion of salicylate on administration of bicarbonate had already become 
manifest from a study of the apparent salievlate clearances determined from the 
plasma salicylate concentration and from the extractable urinary § salicylate. 
The method of Smith and associates gave us a more precise tool for the investiga- 
tion of salicylate excretion. This report represents the results of these renewed 
studies. They are a corroboration and extension of the findings of Smith which 
have led to some new thoughts on the physiologie function of detoxication of 
salicylate by conjugation. Smith’s studies were made on subjects receiving 
sodium salicylate; the present studies were carried out on convalescing rheumatic 
fever patients to whom aspirin was being administered as the therapeutic agent. 
A preliminary report of these studies already has been published as part of a 
¢linical study of aspirin therapy in rheumatie fever.'” 


METHODS 


Plasma salicylate determinations were carried out essentially by the method of Brodie, 
Udenfriend, and Coburn.2) When low plasma concentrations were expected, the modification 
of Lester, Lolli, and Greenberg? was used. 

For the partition of urinary salicylate the scheme of Smith and co-workers# was utilized. 
However, the equations were developed by an independent study of aqueous and urinary 
mixtures of sodium salicylate and salicyluric acid. Since our mathematical derivation of 
equations was attained by a somewhat different approach from that of Smith and since the 
resulting equations differ, if only slightly, from those of Smith, the scheme of development 
is offered here in detail. 

Stock standard solutions of sodium salicylate and of salicylurie acid* were prepared, 
color value was equivalent only to 0.02 per cent of salicylate in the salieylurie acid, a valu 
each equivalent to 100 mg. of salicylate per 100 ¢.c, (0.1160 Gm. sodium salicylate and 0.1410 
Gm. of salicylurie acid per 100 ¢.c.) Calibration curves were made by photometric analysis 
of dilutions of these stock solutions with ethylene dichloride (EDC) and with carbon tetra 
chloride (CCl,) as the extracting solvents. CCl, was found to extract the same percentag¢ 
of salicylic acid from the acidified sodium salicylate solution as did EDC (over 90 per cent 
These identical calibration curves were thereafter called the EDC sodium salicylate curves. 

CCl, extracted practically no salicyluric acid from its aqueous solution, The average 
of the same order as the 0.04 per cent found by Smith. On the other hand, EDC extracted 
a considerable portion of salicylurie acid which gave a measurable color when made up wit 
aqueous ferric nitrate solution. When the photometric readings for the various concent 
tions of the salicyluric acid obtained in making the salicylurie acid curve were read on thi 
EDC sodium salicylate curve, as illustrated in Table I, it was found that an average of 
per cent of the salicylurate present was analyzed by this procedure. 

Now calibration curves were made for both sodium salicylate and for salicyluric a 
with EDC extraction after hydrolysis for three hours with concentrated hydrochloric acid 
a boiling water bath. The ‘‘hydrolyzed’’ sodium salicylate curve should have been identi: 
with that obtained by analysis of unhydrolyzed samples extracted with EDC. Actually tl 
were found to differ slightly, possibly because of the presence of strong acid and of traces 
of decomposition products. The ‘‘hydrolyzed’’ sodium salicylate curve was therefore 
tained as a separate curve for use with all hydrolyzed samples. Salicylurie acid when hyd 
lyzed gave a calibration curve different from that of nonhydrolyzed salicylurie acid beca 


*Crystalline salicyluric acid of high purity was made available to us through 
courtesy of Dr. G. E. Cronheim of the S. E. Massenzill Company, Bristol, Tenn. Nitrogen at 


ysis of this sample showed 7.2 per cent nitrogen (theoretical 7.2. per cent). 
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TABLE I, THE PERCENTAGE OF SALICYLURIC ACID EXTRACTED BY ETHYLENE DICHLORIDE 


BEFORE AND AFTER HYDROLYSIS AS DETERMINED FROM SoOpIUM 
SALICYLATE CALIBRATION CURVE 





G 
PER CENT OF 
D SALICYLURIC 
( PER CENT OF F ACID EX 
VALUE OF |SALICYLURIC VALUE OF TRACTED 
READINGS ACID EX READINGS IN AFTER HY- 
B IN COLUMN |TRACTED BY E COLUMN E ON | DROLYSIS AS 
A PHOTO 3 ON EDC EDC AS DE PHOTO EDC ** HYDRO- |READ ON EDC 
CONC. OF METRIC SODIUM TERMINED METRIC LYZED’? ** HYDRO 
SALICYLURIC | READINGS SALICYLATE ON EDC READINGS SODIUM LYZED’’ 
ACID IN ON EDC CURVE SODIUM ON EDC SALICYLATE SODIUM 
SAMPLE SALICYLURIC | (A, FIG. 1) |SALICYLATE |HYDROLYZED CURVE SALICYLATE 
MG. PER ACID CURVE (MG. PER CURVE SALICYLURIC (MG. PER CURVE 
LO’ G:C.) (CG. FIG: 1) 100 ©.c.) (%) ACID CURVE 100 @.c.) (%) 
o0.0 67.8 25.8 58.5 37.5 75.0 
$0.0 72.8 20.5 Gt 30.5 76.2 
30.0 78.8 15.5 72.0 23.0 76.7 
20.0 $5.0 10.5 80.0 15.2 75.0 
15.0 SS.5 7.8 : S4.8 11.4 76.0 
\verage Average 
520" 76.0 


(D. 


*When the photometric readings of Column B are read on the EDC hydrolyzed curve 


Fig. 1), the values show an average per cent of extracted salieylurie acid of 55.0. 
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Photoelectric photometer readings 


Fig. 1.—Photometric calibration curves for sodium salicylate and salicyluric acid. Curve 
for EDC sodium salicylate, B for CCh salicyluriec acid, C for EDC salicylurie acid, 
KDC (hydrolyzed) sodium salicylate, and E for EDC (hydrolyzed) saliecyiurie acid. 


ree hours some, but not all, of the salicylurie acid had been hydrolyzed to salieylie acid. 


e hydrolysis had been complete, the curve would have been identical with that of the 


lrolyzed’’ sodium salicylate curve. The actual photometric readings of the hydrolyzed 


lurie acid samples when read on the ‘‘hydrolyzed’’ sodium salicylate eurve gave values 
were 76 per cent of those obtained with corresponding amounts of sodium salicylate. 


f the unhydrolyzed salieyluric acid when analyzed by EDC extraction had been read 


e ‘*hydrolyzed’’ sodium salicylate curve, the color values obtained would have been 


! 


cent of the corresponding sodicm salicylate quantities. Therefore, boiling for three 
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hours with acid had increased the color value from 55 per cent to 76 per cent. The actual 
percentage of hydrolysis of salieyluric acid was 76-55/100-55 100 or 46.7 per cent. These 


caleulations are illustrated in Table I and the calibration curves are shown in Fig. 1. 


One more observation is pertinent. Salicyl glycuronide, which is also found in urine 
after ingestion of salicylate, gives no color when analyzed by extraction with EDC or CCl,. 
After hydrolysis by boiling with hydrochloric acid for three hours in a water bath, the gly 
curonide is completely converted to salicylic acid and gives 100 per cent of its expected 
color on the ‘*‘ hydrolyzed’? sodium salicylate curve. 

From these observations it is possible to calculate the concentrations of free salicylate 


SA), salicylurie acid (SU), and salieyl glycuronide (SG) as well as the total salicyl com 


pounds (ST) in any mixture of these compounds such as a urine sample. The calculations 
are made from equations obtained by the following algebraic reasoning. 

When a mixture of SA, SU, and SG are analyzed by CCl, extraction and the photo 
metric readings are read off on the EDC (or CCl,) sodium salicylate curve, the analysis gives 


all of the SA, 2 per cent of the SU, and none of the SG. Therefore, 
[CC], ] SA 0.02 SU Equation 1, 


The same analysis made by EDC extraction and read on the same curve gives a value 


which represents all of the SA, 52 per cent of the SU, and none of the SG. Therefore, 


, EDC] SA 0.52 SU Equation 2. 


If Equation 1 is subtracted from Equation 2, the following is obtained: 


[EDC] [CCl] 0.50 SU or Equation 3. 


SU 2 ({EDC] (CCl, } 
If the mixture is hydrolyzed with hydrochloric acid and analyzed by EDC extraction, the 
reading on the ‘‘hydrolyzed’’ sodium salicylate curve represents all of the SA, 76 per cent 


of the SU, and all of the SG. Therefore, 
| EDC (hydrolyzed ) | SA 0.76 SU SG Equation 4. 


But by definition, total salicylate, ST, in the sample is characterized as follows: 


ST SA SUT 4 SG Equation 9 
Subtracting Equation 4 from Equation 5 gives 


ST | EDC (hydrolyzed ) | 0.24 SU or Equation 6 


ST | EDC (hydrolyzed ) | 0.24 8 


Thus by three analyses of the samples, [EDC], [CCI], and [EDC (hydrolyzed) ], it is 
possible to calculate SU from Equation 3, then SA from Equation 1, and ST from Equation 6. 
SG of course can then be caleulated from Equation 5. These equations are essentially t 
same as those derived by Smith and co-workers, except that in their equation 6, the coefficient 
of SU was 0.33 instead of 0.24. 

In an actual analysis of a urine sample, the procedure followed was that described }\ 
Smith, The urine was diluted 1 to 106 or 1 to 20, and an aliquot of 1 ¢.c., acidified with 0.5 
e.c. of 6N HCl, was extracted with 30 ¢.c. of EDC or CCl, by shaking for five minutes, The 


) 


extract was then treated with 10 ¢.c. of water and 0.25 c.c. of a 1 per cent ferric nitrate so 
tion in 0.07N nitrie acid and again shaken for five minutes. The colored aqueous soluti 
was removed and read in a photoelectric photometer* with water set at 100 and a green 
filter with maximal transmission at 530 mu. The reading of the EDC analysis on the E! 
sodium salicylate curve in milligrams salicylate per 100 ¢.c. is the [EDC] value, while t! 
for the CCl, analysis on the same curve is the [CCl,] value. For the EDC analysis of ti 
hydrolyzed sample, 0.5 ¢.c. of the diluted urine specimen was treated with 1 c.c. of cone 


trated hydrochloric acid and heated in a boiling water bath for three hours, cooled, diluted 


*The Cenco Photelometer was used in these studies. 
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with 1 ¢@.c. of water, and extracted with 30 e¢.e. of EDC. Then the color was devel ped by 


shaking with 10 c.c. of water and 0.25 ¢.c. of the ferric nitrate reagent, and the optical trans 
mission was determined in the photoelectric photometer as before. The transmission read on 
the EDC ‘‘hydrolyzed’’ sodium salicylate curve gave the {EDC (hydrolyzed) | value. 

The accuracy of the scheme of analysis is illustrated in the examples of analysis of 


known mixtures shown in Table II. 


TABLE II. THE PARTITION ANALYSIS OF SALICYLIC AND SALICYLURIC ACIDS IN KNOWN 
MIXTURES BY MEANS OF SMITH SCHEMI 


MILLIGRAMS PER 100 ©€.C. 


SODIUM SALICYLATE SALICYLURIC ACID TOTAL SALICYLATE 
NO. SAMPLE PRESENT FOUND PRESENT FOUND PRESEN FOUND 
l Water 10.0 9.90 30.0 31.6 L(),( 10.3 
2 Water 20.0 20.1 10.0 Q.4 30.0 3().1 
3 Water 15.0 L455 15.0 15.0 30.0 29.6 
} Urine 10.0 9.6 90.0 6.6 100.0 105.8 


Other analyses utilized in this study were serum and urinary chloride by the method 
of Schales and Sechales!! and creatinine by a photoelectric adaptation of the Folin method.12 

The experiments which constitute the basis of this report were clearanee studies carried 
out on rheumatie fever patients who were in the convalescent stage but who were still re 
ceiving from 6 to 9.6 Gm. of aspirin daily in divided doses at six-hour intervals. The first 
clearances were performed under the usual conditions of therapy in the morning about two 
hours after the first morning dose of aspirin. One hour before the test, the patient was asked 
to drink 500 ¢.c. of water. The urine was collecte uncatheterized in two one-hour periods, 
and blood specimens were drawn at 0, 1, and 2 hours, The mean of the first two plasma 
salicylate levels was used as the average plasma concentration for the first period, and the 
mean of the second and third for the second period. Creatinine and chloride determinations 
were made on all plasma and urine specimens. The subjects were then given sodium bi 
carbonate in addition to the dose of aspirin previously administered (2.0 to 3.38 Gm. of 
sodium bicarbonate every six hours). At the end of three days, the clearance experiments 
were repeated after the morning dose of aspirin and sodium bicarbonate. 


Clearance studies were made in sixteen subjects, but only in thirteen of these were 


alyses of the urinary salicylate fractions successfully executed. In two subjects a peculiar 


wn discoloration occurred on the addition of the iron reneent to the extracted urinary 


£ 


lievlate which made accurate analysis impossible. Whether this discoloration was due to 


me extraneous metabolite or medicament or whether it was produced by ene of the rare 


eakdown products of salicylates found occasionally in the urine by Kapp and Coburn! 
ld not be determined. In one other experiment, the CCl, extraction for some unknown 
son gave higher values than the EDC extraction, which phenomenon also precluded eal 
tion of the urinary salicylate fractions. In the other thirteen experiments, clearance 
mations could be made satisfactorily and the ratios of the salicylate fractions, though 


ble, showed a consistent pattern. 
RESULTS 

Plasma Salicylate Levels and Their Relation to Urinary pll.—Since in all 
0! these experiments each patient was on a constant intake of aspirin which 
already had been demonstrated to keep the plasma salievlate concentration 
nearly constant, any pronouneed change in this level on the addition ef sodium 
bi-arbonate to the regimen would very likely reflect the influence of the sodium 
bicarbonate, especially if the change was consistent. Fig. 2 shows the change 
in plasma salicylate in nineteen subjects after three days of sodium bicarbonate 
medication. In all instances there was a significant fall in the plasma salievlate 
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The fall was 
These find- 


4,8, 9 


levels, at times as much as 20 mg, per 100 cubic centimeters. 

roughly proportional to the accompanying increase in urinary pH. 
ings are in corroboration of those reported by other recent investigators.*: 
The mechanism of this drop in salicylate concentration and its significance will 


be discussed further later. 
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Fig. 2.—The fall in plasma _ salicylate levels after sodium bicarbonate administration 
for three days in nineteen subjects. Each arrowed line shows the original (solid circle) and 
final (hollow circle) plasma salicylate concentration in relation to the urinary pH for each 
subject. 


The Clearance of Salicylate——In Table III the clearances of unconjugated 
salicylate (SA) and of total salicylate are shown in Columns 5 and 6. The elear- 
ances and the urinary pH for each period are the means of two determinations. 
These clearances have been expressed as ratios of the salicvlate clearance to the 
creatinine clearance in order to rule out the effeet of lowered glomerular filtra- 
Such a 


procedure also rules out potential errors due to incomplete collections and allows 


tion rate which was found to be produced by the alkalinizing regimen. 


comparison of the clearances of the various subjects in spite of any incidental 
diminution in renal function associated with the rheumatic fever or the rheu- 
matic carditis. Actually the salicylate clearances caleulated from the plasma 
salicylate levels are only a fraction of the true clearance, for only a portion of 


the plasma salicylate is in the unbound state and filterable through the glomeru 
The remainder is bound to plasma proteins. An estimation of the unbow 
plasma salicylate fraction has been made by several workers*® * ° by analyzing 
ultrafiltrates of plasma specimens containing salicylate. Smith and associates.‘ 
for example, found about 20 to 25 per cent of the plasma salicylate to be in tiie 
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TABLE IIT. THE CLEARANCES OF CHLORIDE, FREE SALICYLATE (SA), AND TOTAL SALICYLATE 
(ST) DuRING ASPIRIN THERAPY WITHOUT AND WITH ADDED SopiumM BICARBONATE 


SODIUM 
| BICARBONATE 


CASE (GM. PER DAY) URINE pH cl/c x 100 sa/c x 100 st/c x 100 
l 0 5.99 Love 1.99 $.48 
_, 7.14 5.66 1.75 14.0 
2 0 5.83 1.938 1.06 10.20 
8.0 6.22 , oe 1.17 11.26 
3 0 5.44 451 0.50 12.35 
~- 3a3 6.99 2.94 1.80 24.65 
} 0 5.92 2.23 ,.98 11.26 
13:3 7.43 1.80 Sa.L0 ‘1.3 
) 0 6.60 5.16 9.66 18.15 
13.3 7.75 3.92 26.5 84 
6 0 3.70 YS 2.56 12.8 
Lo. ion 1.23 24.39 38.3 
7 0) 5.26 06 1.80 9,22 
io. 7.49 1.76 L0.a< 32.84 
S 0 D.41 1.53 1.76 13.78 
6 6.08 1.39 5.13 $2.1] 
9) 0 ake Lae 0.70 6.80 
13.3 7.42 L.85 9.99 20.53 
10 () 9.04 rs Seal Uh 1.26 12.69 
seas 5.61 2.99 ey by | oiare 
1] 0) 5.29 1.67 1.07 14.1 
8.0 6.48 .68 11.02 25.02 
12 0 6.85 1.03 1.31 12.65 
La.c 7.62 LAY 16.33 32.08 
Le 0 6.13 0 0.60 1.to 
13.3 7.04 LT 6.64 17.10 
C1/C, Chloride clearance — creatinine clearance, 


SA/C, Ratio of salicylate clearance to creatinine clearance, when the salicylate clearance 
is estimated from urinary free salicylate (SA) and plasma salicylate with no account taken 
the bound portion in the plasma. 
ST/C, Same as SA/C except that urinary total salicylate (ST) is utilized. 


unbound form at levels of the order of 30 mg. per 100 cubic centimeters. If 
these values are correct, the true clearances (and the ratios to the creatinine 
clearances) are four to five times greater than the apparent clearances reported 
here. However; since it has been shown by Williams and Leonards® that al- 
kilinization produces no change in the percentage of salicylate bound to pro- 
tein, the effect of bicarbonate on the exeretion of salicylate can be ascertained 
With a fair degree of accuracy from the apparent clearances. 

In the thirteen control experiments, when aspirin was being administered 
Without sodium bicarbonate, the clearances of free unconjugated salicylate (SA) 
ranged from 0.50 to 9.66 per cent (Column 5, Table II11). However, nine of 
the thirteen values were below 2.0. The median value was 1.76. These clear- 
alice values were obtained when the urinary pH was in the acid range, from 
4 to 6.85. It will be noticed that the values are of the same order as the 
¢horide clearances (Column 4, Table III), also expressed as ratios of the 
creatinine clearance. Since chloride clearances are normally low because most 
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of the chloride of the glomerular filtrate is reabsorbed with sodium and water 


as an isotonic solution to form the so-called obligatory reabsorption, the cor- 
respondingly low SA clearance is very likely due to the same phenomenon. 


In each subject the addition of sodium bicarbonate to the medication pro 


duced a considerable increase in the SA clearances. With one exception, the 
values were increased three to thirteen times. In the exceptional instance 


(Case 2), the daily intake of 8.0 Gm. of bicarbonate produced only a slight rise 


in urinary pH, and the SA elearance was correspondingly little affected. In 
Cases 4, 5, 6, and 7, where the urines ranged from 7.48 to 7.75, the new SA 
clearances were more than 20 per cent of the creatinine clearance. If the ap- 
parent clearance was only a fourth or a fifth of the true clearance, these find 
ings would signify that when the urine was made stronely alkaline, free saliey 
late was excreted by the kidney almost as well as was creatinine, mannitol, 01 
inulin. 

Chloride clearances did not show a corresponding increase on alkaliniza- 
tion of the urine. With the exception of Case 1, in which a substantial rise in 
chloride clearance took place, the changes in the other experiments were equivo 
cal in both directions. If the presence of an excess of sodium prevented the 


reabsorption of salicylate ions from the glomerular filtrate, it did not under the 


conditions of these experiments accomplish the same thing for chloride, thi 
reabsorption of which is apparently dependent upon many other factors. 

In Column 6, Table IIT are shown the clearances of total salicylate, ex 
pressed as ratios of the creatinine clearance. From a physiologic point of view 
the total salicylate clearance does not represent a single functional entity. It 
expresses the excretion of at least three forms of salicylate in the urine on the 
basis of concentrations of salicylate in plasma which is known to be only of one 
form, the unconjugated form (SA). Nevertheless the total salievlate clearance 
ean be utilized as a means of comparing the over-all ability of the kidneys to 
remove salicylate from the blood for any given level of plasma salicylate 
the two regimens with and without sodium bicarbonate. The data show a sig 
nificant increase in the clearance in each instanee. With the exception of Casi 
2, the clearances were increased two to three times by the administration of 
bicarbonate. The highest value found was 44 per cent of the creatinine cleat 
ance, Such a value, when multiplied by four or five to give the true clearanc 
on the basis of the filterable plasma salicylate, would give a clearance about tw 
times the amount of the creatinine clearance. 

In Fig. 3, the SA and ST clearances are plotted against the urinary pl! 
values for all thirteen experiments. Though the points show consideral 
scattering, it is easily recognizable that the SA clearance is directly related 10 
the urinary pH. The higher the pH, the greater the clearance of free salicylat 
This relationship is more pronounced as the pH rises above 7.0. The same ty 
of relationship can be seen for the total salievlate. In the acid range, the ST 
clearance values lie bunched between 6 and 16, whereas in the alkaline rai 
the values spread from 20 to 44. 

The Relation of the Partition of Urinary Salicylate to the Urinary pH. 
Fig. 4 the ratios SA/ST, SU/ST, and SG/ST are plotted against the urin: 
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pil for all urine samples analyzed by the Smith scheme. There is obviously a 
wreat degree of seattering but a pattern is discernible. The chief effect of in- 
crease In alkalinity in the urine is a marked rise in the SA/ST ratio. Whereas 
in strongly acid urine, SA represents only 10 to 20 per cent of the total ex- 
creted salievlate (quite as was found by Kapp and Coburn! by direct isolation 
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ni hods), in the alkaline urine that percentage may rise to 70. In the eight 
riments in which the administration of sodium bicarbonate led to a defi- 
v alkaline urine, the average SA/ST ratio was found to change from 0.194 
U 519, 

Che effect of alkalinization on the exeretion of salieylurie acid and salicy] 


ironide could not be determined from these clearance studies. In the eight 
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experiments just mentioned, the average SU/ST ratio was 0.348 and the average 
SG/ST was 0.456. Kapp and Coburn found a larger proportion of salicyluric 
acid, as was indeed present in several of our cases. It is possible that SG/ST is 
larger in the present studies because SG represents in addition to salicyl gly- 
ecuronide any unchanged acetylsalievlic acid that reached the blood stream and 
was excreted unchanged. However, it is unlikely that such an excretion is of 
any considerable magnitude. With the large rise in the SA/ST ratio acecompany- 
ing alkalinization, the SU/ST and SG/ST ratios naturally fall—this tendency 
can be recognized in Fig. 4—but whether there is an absolute change in either or 
both excretions is not clear. Nor is it easily discernible from Fig. 4 or from the 
changed ratios in each individual experiment whether the increased excretion of 
SA is more at the expense of SU or of SG. In most instances SU/ST and 
SG/ST ratios dropped parallelly. The individual ratio data have been omitted, 


since they offer no more information than ean be obtained from Fig. 4. 


DISCUSSION 


Analysis of the findings presented makes certain facts clear. In the first 
place it can be seen that under the normal conditions of an acid urine relativel) 
little of the exereted salicylate is in the form of free salicylate ions. About 80 
per cent is exereted in the form of conjugated salicylate. These proportions 
have been found both for sodium salicylate administration by Smith and co- 
workers* and for aspirin by us. The clearance of free salicylate ions, even if 
calculated on the basis of the concentration of unbound salicylate in the plasma, 
is of a low order, not much greater than that of chloride. It must be inferred 
then that in acid urines salicylate ions, like chloride, are for the most part re- 
absorbed from the glomerular filtrate. If this were the only means of excretion 
of salicylate, aspirin administration would produce much higher plasma salicy 
late levels than it actually does. It is through the excretion of the conjugated 
forms of salicylate under these circumstances that the body succeeds in getting 
rid of salicylate as well as it does. Even with this aid, the excretion of salicylate 
is slow. Single doses of aspirin, for example, have been found by Lester and 
associates® to require thirty or more hours for complete excretion. Multiple 
large doses of aspirin spread at four-hour intervals produce a pyramiding rise in 
the plasma salicylate level which can soon lead to severe intoxication. . 

When alkali is administered along with aspirin, the excretion of salicylate 
ions becomes markedly improved. This increased excretion is demonstrable not 
only from the rise in SA clearances, but also from the elevation of the SA/ST 
ratios. The extent of this improvement in SA excretion is great enough to in- 
crease the total exeretion of salicylate by 100 to 200 per cent, and thereby to 
produce a marked fall in the plasma salicylate concentrations. When the urine 
is alkalinized to a pH of 7.5 or higher, the clearance of SA, if calculated from 
the concentration of freely filterable salicylate in the plasma, becomes almost «:s 
great as that of inulin or creatinine. In other words, in the presence of enous) 
excess sodium ions in the glomerular filtrate, it is possible to prevent the 
absorption of almost all the salicylate ions in that filtrate. 
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Lester and co-workers® have found the total salievlate clearances to be of 
the same magnitude as the urea clearances and they believe the manner of ex- 
cretion of both to be the same. This conclusion is unwarranted even if the 
method for the total salievlate used by these workers is accurate. For actually 
total salievlate clearance is not a simple physiologic entity. It represents the 
total ability of the kidneys to remove salievlate from the blood by various 
channels. Only the portion of the total salicvlate clearance which is that of free 
salievlate is clearly that of glomerular filtration and reabsorption. The clear- 
ance of conjugated salievlate will on analysis be recognized to be of a different 
type. The concentration of conjugated salicylate in the plasma has always been 
found to be zero or so close to zero as to be within the limit of error cf the de- 
termination. At the most the concentration was less than 0.5 mg. per 100 cubie 
ecntimeters. On the other hand, the concentration of conjugated salievlate in 
the urine was often as high as 150 mg. per 100 ¢.¢. when the urine output was 
around 2 @.¢. per minute. If the plasma concentration of conjugated salicylate 
is truly zero, then the clearance of conjugated salievlate is infinitely high. Even 
if traces of both salievlurie acid and of saliev] glyeuronide are present in the 
plasma—for example 0.2 or 0.8 mg. per 100 ¢¢. when the urine concentration 
is 100 mg. per 100 ¢.¢.—the resultant clearances would be in the range of that of 
Diodrast or p-aminohippurate. In either ease, it must be coneluded that. sali- 
evlurie acid and salicy] glyeuronide are excreted predominantly by the tubules, 
either by virtue of being produced in the tubules and then secreted by them or 
by being removed from the peritubular blood by tubular excretion. From the 
known faet that both the liver and kidneys can make glycuronides and hippuric 
acids, it is reasonable to believe that the excretion is a combination of both 
tubular processes. 

Conjugation has lone been recognized as a means of detoxication by the 
body, of conversion of a potentially toxie substance into a less toxie one. In 
connection with salicylate, detoxication must be regarded as having a different 
meaning. Here it is the conversion of a potentially toxie substance, which under 
normal metabolie conditions the body is poorly equipped to excrete, into sub- 
stances which can be rapidly excreted under any metabolic conditions. 


SUMMARY 


The validity of the scheme of Smith and associates for the partition analysis 
of the salieylate fractions in urine has been confirmed, The equations obtained 
ciffered only slightly from those of these workers. 

This analytical method has been utilized to study the effeet of sodium bi- 
carbonate administration on the exeretion of salievlate during aspirin therapy 
for acute rheumatic fever. 

The apparent clearance of free salicylate during regimens of aspirin with- 
ou’ added sodium bicarbonate ranged from 0.5 to 9.66 per cent of the correspond- 
inv creatinine clearances, but most of the values were below 2 per cent. The 
truce clearances, based on the unbound plasma salicylate concentration, were 
ably four to five times as high. Even such clearances were of the order of 
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those of chloride, and this implied that the free salicvlate filtered through the 
glomeruli was for the most part reabsorbed by the tubules. 

The free salieylate constituted about 20 per cent of the total salicylate in 
the acid urines, the remaining 80 per cent being almost equally divided between 
salieylurie acid and salicy] glyeuronide. 

When sodium bicarbonate was administered along with the aspirin in quan 
tities sufficient to alkalinize the urine, the free salievlate clearances were in 
creased to three to thirteen times the original values. The clearances were 
found to -be proportional to the urinary pH. This inereased excretion of free 


salicylate made it comprise as much as 70 per cent of the urinary total salievlate 


the average being 52 per cent. The total salicylate clearance was thereby also 
increased as much as 200 per cent, These clearances were also found to be pro 


portional to the urinary pH. The enhanced clearances of total salievlate ae 
counted for the significant drop in plasma salievlate levels, which oeeurred ii 
all instances. 

The true clearance of free salievlate In alkaline urines abproac hed that o} 
creatinine. Thus, excess of base prevented almost completely the reabsorptio 
of free salicylate from the glomerular filtrate. 

Since at the most only traces of conjugated salicylates were present in the 
plasma, the clearance of these conjugates was either infinitely high or at least 
as high as p-aminohippurate. Such findings indicated that conjugated salicy! 
ates either were produced in the renal tubules or excreted through them, o1 
both. Conjugation of salicylate has for iis function a special type of detoxiea 
tion which converts the ordinarily poorly excretable free salicylate into com 


pounds which are easily excretable. 


REFERENCES 


1, Kapp E., and Coburn, A.: Urinary Metabolites of Sodium Salieylate, J. Biol. Cher 
145: 549, 1942. 

2. Brodie, B. B., Udenfriend, S., and Coburn, A. F.: The Determination of Salicylic A¢ 
in Plasma, J. Pharmacol. & Exper. Therap. 80: 114, 1944. 

3. Lester, D., Lolli, G., and Greenberg, L.: The Fate of Acetylsalievlic Acid, J, Pharn 
col. & Exper. Therap. 87: 329, 1946. 

4. Smith, P. K., Gleason, H. L., Stoll, C. G., and Ogorgalek, S.: Studies on the Phar: 
ecology of Salicylates, J. Pharmacol. & Exper. Therap, 87: 237, 1946. 

5. Hoffman, W.8., and Nobe, C.: Unpublished data. 

6. Goodman, L., and Gilman, A.: The Pharmacological Basis of Therapeutics, New Yo 
1941, The Maemillan Company, p. 230. 

7. Morris, N., and Graham, 8.: The Value of Alkali in Salicylate Therapy, Arch. D 
Childhood 6: 273, 1931. 

8. Smull, K., Wegria, R., and Leland, J.: The Effeet of Sodium Bicarbonate on the Set 
Salicylate Level, J. A. M. A. 125: 1173, 1944. 

9. Williams, F., and Leonards, J. R.: The Effect of Sodiam Bicarbonate on the Re 
Excretion of Salicylate, J. Pharmacol, & Exper. Therap. 93: 401, 1948. 

10. Hoffman, W. S., Pomerane, M., Volini, I. F., and Nobe, C.: Treatment of Acute RI 
matic Fever With Aspirin, Am. J. Med. 6: 433, 1949. 

11. Schales, O., and Schales, S.: Simple and Accurate Method for the Determination 
Chloride in Biological Fluids, J. Biol. Chem, 140: 879, 1941. 

12. Hoffman, W. S.: Photometric Clinical Chemistry, New York, 1941, William Morro 

Co., p. 114. 





























THE COMPARATIVE EFFECTS OF WATER, CARBONATED WATER, 
SODIUM CHLORIDE SOLUTION, AND SODIUM BICARBONATE 
SOLUTION ON GASTRIC ACTD SECRETION IN TLUMAN 
SUBJECTS 


Kpwarp H. Hane, M.D., A. C. Ivy, M.D., Pa.D., anp 
M. I. Grossman, M.D.. P#.D. 
CuHicaGco, Iu. 


ROM time to time one sees or hears the statement that carbonated water or 

sodium bicarbonate stimulates gastric secretion in the human being, The ex- 
periments which have been done! with sodium bicarbonate alone (i.e. with no 
other stimuli for gastric secretion) are too few in number and too variable to 
permit interpretation. No experiments with earbonated water in human sub- 
jects eould be found. 


This study was performed to determine whether carbonated water or sodium 


carbonate had a significantly different effect from an equal quantity of plain 
water or sodium chloride solution on the secretion of acid by the stomach of 
human subjects. Observations were also made on the rate of the gastrie evacua- 


tion of these solutions from the stomaeh. 


METHODS 
The subjects were normal young adult males and, in those tests so designated, male 
lults in whom the diagnosis of duodenal ulcer had been established radiologically, One 


group of subjects were used for tests with distilled and carbonated water and a second group 


the test with sodium ehloride and sodium bicarbonate solutions. After an overnight fast, 
stomach tube was passed and the gastrie residuum was removed. At fifteen minute inter 
vals basal gastrie secretion was collected for three periods. The test solution was then 
troduced into the stomach through the stomach tube. After fifteen minutes the stomach 

emptied, the volume measured, a 10 ¢.c. portion retained for titration, and the remainder 


urned to the stomach, The stomach was emptied of the remaining test solution at the 


end of the next fifteen-minute period and then samples were taken every fifteen minutes for 
to one and one-half hours. In the tests with distilled and carbonated water, the same 
procedure was followed with the exeeption that ten-minute periods were used. All samples 
Were titrated for acid content using ToOpfer’s reagent and phenolphthalein as indicators. 
test solutions used were 250 e.c. volumes of (”) distilled water, (b) carbonated dis- 


| water (containing 4.4 volumes of CO, per unit volume of water at 60° F., thus 250 
‘contains as much CO, as can be released from 5.5 Gm, of NaHCO;), (¢) 0.9 per cent 


im chloride solution, and (d) 1.3 per eent (isotonic) sodium bicarbonate solution. 


RESULTS AND DISCUSSION 


The results are presented in Figs. 1, 2, and 3. 

Only normal subjects were tested with distilled water and carbonated dis- 

d water, No significant difference in rate of gastric emptying or in output 
0! ‘ICL evoked occurred with these two test solutions. The degree of stimulation 
0! ocid secretion was in keeping with the results of previous studies on water.’ 
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Fig. 1.—Comparison of volume of gastric contents and output of free HCl in responss 
to distilled water and carbonated water. Each point represents the mean value of sixteen 
tests, two on each of eight subjects. The first set of points represents the gastric residuum 
at the beginning of the tests. The vertical lines extending from the points indicate the 
standard error of the mean. 
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Fig. 2.—Volume response to NaCl and NaHCOs;. Each point is the mean value for five sub 
jects. The lines extending from the points represent the standard error of the mean. 
In normal subjects no significant difference between isotonic sodium ehlori 
and isotonic sodium bicarbonate occurred in regard to rate of evacuation. |) 
uleer patients sodium bicarbonate solution left the stomach more rapidly thi 
sodium chloride solution (statistically significant). Because of the high neutr: 
izing capacity of the sodium bicarbonate solution it is not possible to dete 
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GASTRIC ACID SECRETION IN HUMAN SUBJECTS Zon 


whether stimulation of acid secretion oceurred during the time the solution was 
in the stomach. No stimulation was seen in the periods following the removal 


of the sodium biearbonate. In other words there was no evidence of acid 


‘rebound.’’ 
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Fig. 3.—Output of free HCl in response to NaCl and NaHCO;. These are the same tests for 


which volume values are given in Fig. 2. See legend of Fig. 2 for explana ion. 


In contrast to water and carbonated water, isotonie saline solution did not 
stimulate acid secretion. 

Crider and Thomas* have observed a similar difference between distilled 
water and isotoni¢ saline solution in regard to stimulation of pancreatic secre- 
tion by introduction into the duodenum. 

A satisfactory explanation of the mechanism of the stimulatory action of 
water on gastric secretion has never been given.? The possibility that water 


causes gastrin to be released should be considered. 


SUMMARY 


1. In normal human subjects: (a) carbonated water does not stimulate 
gastric seeretion or affect gastric emptying to any greater extent than non- 
carbonated water; (b) isotonic sodium chloride and isotonic sodium bicarbonate 
solutions leave the stomach at about the same rate. 

2. In duodenal ulcer patients isotonic sodium bicarbonate solution leaves 
the stomach more rapidly than isotonie sodium chloride solution. 

3. In contrast to distilled water, isotonie sodium chloride solution does not 


stimulate gastrie acid secretion. 
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A CLINICAL STUDY OF THE USE OF NITROGEN MUSTARD 
THERAPY IN POLYCYTHEMIA VERA 


CHARLES L. Spurr, M.D..* Taytor R, Surru, M.D... Marrurew Brock, M.D.,t+ 
AND LEON O. JACOBSON, M.D. 


CuHicaGco, ILL. 


ahem investigation of the efficacy of nitrogen mustard, methyl-bis(p- 
chloroethyl) amine hydrochloride, in controlling polyeythemia vera is 
warranted by its suppressive property upon hematopoietic tissue. A preliminary 
report of our experience in three cases of polyeythemia vera was published in 
1946.°°°) More recently others have commented upon their experience.* 

The influence of this compound upon hemopoiesis was followed in clinical 
studies of its use in the control of lymphomas.*? In a survey of the influence 
of various doses upon the peripheral blood picture, Spurr and co-workers* 
showed that the standard course of four daily injections of 0.1 me. per kilo- 
gram body weight reduced the erythroeyte and hemoglobin values over a period 
of six weeks following injection. Serial marrow aspirations have demonstrated 
that the regeneration of polychromatophilie and orthochromatie erythroblasts is 
not striking until the sixth week after therapy. This erythropoietic suppression 
appears to be temporary, with complete regeneration occurring even after many 
courses of the compound.' * 

METHOD 


A group of ten patients with polycythemia vera was studied. Their disease was of 
two to twenty years’ duration—an average duration of seven years—and each had received 
several forms of therapy earlier in the disease. This prior therapy may serve as a compara 
tive control period in considering the efticacy of nitrogen mustard. In preparation for nitrogen 
mustard therapy, repeated phlebotomies were carried out in seven instances to reduce the 
hematocrit to 60 per cent. Thus the risk of thrombosis during the early phase of treatment 
was reduced. Blood studies which included the determination of erythrocytes, hemoglobin by 
a photoelectric method (16.2 Gm. 100 per cent), hematocrit,} reticulocytes using the moist 
chamber technique, leucocytes, and differential counts were repeated three times weekly in 
the control period, weekly in the first six weeks following therapy, and later at two- to fom 
week intervals, depending upon the clinical status of the patient. Each remission was con 
sidered to be concluded when the erythrocyte, hemoglobin, and hematocrit values increased 
above normal levels, the most reliable guide being the hematocrit which was considered 
elevated when it reached a level of 55 per cent. 

The dose and the method of administration were identical to those used in the treat 
ment of lymphomas.2 An intravenous dose of methyl-bis(8-chloroethyl) amine hydrochlorid 
equivalent to 0.1 mg. per kilogram body weight repeated on four consecutive days was use: 
in each case. The immediate systemic toxic manifestations of nausea and vomiting wet 
treated by sedation. 
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RESULTS 
A group of ten cases was observed over periods of from twelve to forty 
months. Each patient was in an active regenerative phase of the disease at the 


time of treatment. Table I presents the age, sex, duration of disease prior to 
previous therapy, total dose of nitrogen mustard, the pretreatment 
blood the to the 


hematoerit, and the total duration of remission, The exact remission from other 


this study, 


and post-treatment counts, Interval lowest post-treatment 


e this was known. 


forms of therapy is included in instances whe: 
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These ten patients received fifteen courses of nitrogen mustard. The average 
hematocrit was 59 per cent, and the average minimum post-treat- 
14 


Was 34 


retreatment 


ent hematocrit per cent. Utilizing the attainment of a hematocrit of 


) per cent as evidence of termination of remission, the nitrogen mustard pro- 


ied an average remission of 6.8 months. The range, however, varied from 


vo to thirty months. In eight instances the remission was five months or longer; 
two, remission of three months or less resulted. 

Leucopenia followed each course of the drug, but only in six patients, or 40 
' cent, did the blood count fall below 3.000; in one half of these, below 1,500. 
e period of leucopenia was very brief and was not aecempanied by complica- 
ns; henee, no special therapeutic measures were required, The suppression of 
thropoiesis by this dose of nitrogen mustard was indicated by the decline in 
hematocrit. This oeeurred in an average of 4.4 weeks, with a range from 


ir to ten weeks. The changes in the constituents of the peripheral blood 


ture in Case 10 are graphed (Fig. 1). In this patient the reticulocytes were 


pressed to 0.5 per cent for three weeks following therapy and regained their 
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These changes are quite 
The reticulocyte 





earlier level of 1.5 per cent in the following eight weeks. 





similar to those found in the earlier studies of Ivmphomas. 
count may be considered a rather reliable index of the suppressive effect of the 
agent despite the pretreatment use of phlebotomy since it has been shown that 








within therapeutic levels venesection does not stimulate reticulocytosis in poly- 
There was no evidence that therapy produced hemolysis in 





evt hemia vera.!° 






this group. 


Two cases (Cases 3 and 7) are of interest because of the brief and elinically 





Eryvthropoiesis was 





insignificant remissions produced by nitrogen mustard. 


extremely rapid in these cases with reticulocyte counts ranging up to 6 per cent, 






but after treatment suppression below 2 per cent persisted only four weeks. 
In both cases the hematocrit reflected the suppressive influence of the nitrogen 
mustard over a period of two months, but in neither was it lowered below 51 
It is noteworthy that in Case 8 the hematocrit was not reduced to 60 
The fall in hematoerit 







per cent. 
per cent prior to treatment as in other eases of the group. 
was 15, 4, and 1 per cent following therapy as compared with an average fall 
In Case 7 the hematocrit was re- 







of 9 per cent in the other cases of the group. 
duced to 60 per cent by venesection, but within twelve weeks phlebotomy was 








necessary because of active regeneration. 





In this study we have had the opportunity to observe two patients with 
polveythemia vera of considerable duration who have subsequently shown evi 
The implications of this development ar 






dence of a leucemoid blood picture. 
sufficient to warrant summarizing the clinical course of one case since this pa 
tient also had a myelofibrosis demonstrated by bone marrow biopsy. 











CASE 8.—This 55-year-old white Swedish housewife first sought medical aid elsewhere in 
December 1938 because of frontal headacle, lassitude, and a sudden severe sharp right ab 


hemoglobin, 107 per cent; erythrocytes, 






Blood studies revealed the following: 
The differential count was: neutrophiles, 





dominal pain. 
9,000,000; leucocytes, 20,000 per eubie millimeter, 






myeiocytes, 1 per cent; lympli 





60 per cent; stabs, 13 per cent; metamyelocytes, 3 per cent; 






cytes, 19 per cent ; and monocytes, D per cent. 

In the following six weeks the patient had phlebotomies of 500 ¢.c. every week. X-ra} 
therapy was directed to the spleen in February 1939 and at four- to six-month intervals unt 
December 1945, when the patient was considered to have received her tolerance dose. At this 
X-ray studies of the gastrointestinal tra 








time the patient had an episode of tarry stools, 
In the four months prior to her first visit to 





did not reveal the cause of this hemorrhage. 
the University of Chicago Clinics, she had noticed progressive fatigue, exertional dyspne: 





Physical examination revealed a 
The 






pain in the lower legs at rest, and dependent edema. 
chronically ill, obese woman of ruddy complexion with congested mucous membranes, 






chest was clear, no cardiac enlargement was present, blood pressure was 160/90, and the hi 





There were moderate varicosities and dependent edema of 





and spleen were not palpable. 
Laboratory studies included an erythrocyte count of 7,310,000 
The leucocyte 





the lower extremities. 
cubie millimeter, hemoglobin of 14.6 per cent, and hematocrit of 54 per cent. 
count was 13,250 per cubic millimeter, of which 75 per cent were segmented forms, 16 







cent lymphocytes, 1 per cent monocytes, 1 per cent basophiles, and 3 per cent myelocyt’s. 





The reticulocyte count was 1.3 per cent. Sternal marrow aspiration showed an active marrow 







with considerable myeloid activity. 
The patient was prepared for nitrogen mustard therapy by three phlebotomies of 






c.c. each, On Aug. 20, 1946, a course of four consecutive daily injections of 0.1 mg. 





kilogram body weight (total of 24 mg.) was begun. In the following eight months lie 
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erythrocyte count and hemoglobin levels remained within normal variations as shown on 
Table If. However, there were 8 per cent blast forms in the smear of April 8, 1947. In 
May, 1947, the patient developed weakness, nausea, vomiting, and diarrhea. When seen on 
June 4, 1947, she had scattered rales in the lung bases, the liver was enlarged and tender, and 
«a moderately firm spleen extended to the umbilicus. Blood studies included: hemoglobin, 
7.1 Gm. per cent; 3,200,000 erythrocytes per cubie millimeter; and 12,200 leucocytes per 
cubic millimeter. The differential count included 2 per cent blast forms, 6 per cent myelo 
‘vtes, 14 per cent metamyelocytes, 65 per cent segmented neutrophiles, 11 per cent lympho- 
cytes, 1 per cent monocytes, and 1 per cent basophiles with 6 erythroblasts per 100 leucocytes. 
Sternal marrow aspiration was unsuccessful twice. <A surgical biopsy revealed a marrow 
consisting of a fibrogelatinous matrix with many sclerotic islands of reticular cells and mega- 
karyocytes and occasional foci of myelocytes, erythroblasts, and plasma cells. Other diag 
nostic measures including gastrointestinal x-ray studies, urobilinogen excretion studies, liver 
and renal function tests, and stool examinations did not explain the sudden anemia. The 
anemia Was progressive and numerous transfusions increased the blood count only moderately. 
The patient expired at home Aug. 8, 1947. This is the picture of myelofibrosis with a leuce 
moid reaction more closely resembling the agnogenie myeloid metaplasia of Jackson12 than 
true myelogenous leucemia. An autopsy was not performed; hence, the possibility of a 


chronic myelogenous leucemia was not excluded. 


The summary of the clinical course of Case 8 through the early years is 
quite typical of her disease. There had been active roentgen therapy and 
phlebotomies over a period of ten years. At the time we first examined the pa- 
tient there was moderate evidence of immaturity in the peripheral blood picture. 
The remission induced by nitrogen mustard therapy was of eight months’ dura- 
tion. However, in the eighth month immature myeloid forms increased and in 
the tenth month a severe anemia became apparent. We cannot state what in- 
fluence nitrogen mustard may have had on the development of this myelofibrosis, 
but we have seen a similar change in patients with polyeythemia vera who were 
not treated with nitrogen mustard. The duration of the original disease and 
the interval of eight months from treatment to its appearance suggest that this 
development was not the result of nitrogen mustard therapy but rather a phase 
of the natural course of the disease. 

The patient (Case 9) whose condition was of twenty years’ duration has 
had the longest remission of the group. He showed a moderate hypochromie 
anemia following therapy with a delayed erythrocyte regeneration. Occasional 
immature myeloid forms appeared in the peripheral smear thirty months after 


therapy. This again is not interpreted as evidence of a change produced by 


ogen mustard, but this consideration must be evaluated in future observa- 


DISCUSSION 

This group of ten eases offers a limited opportunity to compare the efficacy 
of (ie various agents used in the control of polyeythemia vera. Our limitation 
here arises not only from the small number of eases, but also from the character- 
istiv variability of the activity of the disease. Faleoner™ reported an unusual 
Spol\ianeous remission of eleven years. We have observed spontaneous remis- 
slo's of two to five years in our eases. This factor has not often been recognized 
porting the use of certain therapeutic measures. In this group one patient 
(Case 9) is having a prolonged remission, greater than one is justified in aserib- 
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ing to the therapeutic agent. Using uniform criteria of remission we have 
attempted to tabulate the response of this group of patients to various measures 
(Table IIT). 

Phlebotomy has long been recommended in the control of thrombotie emer- 
gencies of polycythemia, but its usefulness as a therapeutic measure was first 
emphasized by Stephens and Kaltreider.'' Their group included four cases of 
polyeythemia vera. Following a series of bleedings to reduce the blood levels 
to normal, three patients had remissions of five, ten, and twenty-five months 
respectively ; one required bleeding every four weeks. Similar experiences have 
heen reported by others.'? '* Our group contains eight cases in which there is 
accurate information concerning the blood counts and frequeney of phlebotomies 
(each of 500 @e.). After the initial bleeding to brine the cell volume within 
normal limits, the period of remission was from two to eight weeks, or an average 
of 4.6 weeks. This means of control is considered relatively effective, but micro- 
eytosis and hypochromia may develop. Although the bleod level is controlled 
hy phlebotomy, distressing splenomegaly may develop. 

Inorganie arseni¢ was introduced in the therapy of polyveythemia vera by 
Forkner and co-workers.'® They noted the response to Fowler’s solution in six 
patients. Improvement was noted in ten to fifty days, and remissions were pro- 
longed over many months by the use of a maintenance dose. Chronic use of 
the compound may be associated with neuropathy or pigmentary changes in the 
skin and later potentially malignant hyperkeratoses. 

Since the report of Eppinger and Kloss'* there have been many publications 
on the effieaey of phenylhydrazine hydrochloride ineluding the recent state 
ment by O’Connell and Johnson'* that it is the most satisfactory agent. There 
are, in the literature, warnings of its acute hemolytic effeet and irregular be- 
havior in the aged and debilitated. Giffin and Conner!’ site two incidents of 
acute hemolysis as a cause of death in a group of forty-one cases. Stone and 
associates?” and MeNamara and Sansum?*! have commented on the toxie re- 
actions. These reactions usually have occurred at the onset of therapy with ad- 
ministration of large doses. Results have been most satisfactory when doses of 
0.1 or 0.38 Gm., two to three times weekly, have been used as a maintenance 
medication. 

In this group of patients three received acetyl] phenylhydrazine at intervals. 
One patient (Case 2) was given acetyl phenylhydrazine to initiate therapy on 
two oeeasions by her physicians; each resulted in acute hemolysis seven days 
fo!\owing the initial dose and transfusions were necessary to support the patient. 
T\\o others (Cases 9 and 10) have been, at various times, on maintenance doses 
for periods up to six years with control of the peripheral blood levels in the 
noimal range, but each has had progressive splenomegaly. It appears that 
acc vl phenylhydrazine is efficacious as a maintenance medication, except for 
failure to reduce the splenomegaly, but phlebotomy is the safest means of 
initially reducing the red cell mass. 

The earlier efforts to utilize roentgen therapy in the control of polycythemia 
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hay been reviewed by Pack and Craver.22. They record their observation of 
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remissions of six to twelve months following irradiation of long bones. Others 
report similar experiences.2> Therapy was directed to the spleen only when 
palliative relief was required. <A definite disadvantage of this method is that 
the dose required is of such intensity as to prohibit frequent repetition.*4 

The report by Sgalitzer®’ of satisfacory remissions in forty-two cases of 
polveythemia treated by total body irradiation and further remissions upon re- 
peating therapy stimulated wide interest in this type of therapy. Reznikoff 
and Carty?’ have reported a group of twenty-two patients receiving forty-one 
treatments. Remissions of more than six months occurred following thirty-three 
of the forty-one treatments; six courses resulted in remissions with the ex- 
ception that patients in the later stages of the disease generally do not respond 
well, 

Since the first report by Lawrence?* in 1940 of the use of radioactive phos- 
phorus (P**) as a source of internal irradiation for the control of polveythemia 
vera, there have been a series of confirmatory reports.?"°? In these, satisfactory 
remissions of several months to three vears or more resulted, with a latent period 
preceding the fall in erythrocytes of forty to ninety days. Erf** has commented 
that this latent period is to be expected because the life of the circulating 
erythrocyte is ninety to one hundred twenty days. This method will continue 
to be a matter of discussion for some years because of the chronicity of the 
disease. Hlowever, it may be well to note that while Reinhard and co-workers* 
speak of P®? as the treatment of choice, Hahn and Sheppard** emphasize the 
Inpracticality of irradiation therapy and allude to the protean nature of its 
complications, 

Some reason for cautious consideration may be found in the recent report 

Hall and Watkins* of the occurrence of seven eases of acute leucemia in 
polveythemia treated with P**. Of the ten cases we are reporting, five patients 

ceived radicactive phosphorus in eight courses of treatment. The response 
as quite satisfactory in four patients. Two courses of 13 me, orally and 7 me. 
travenously were ineffective in Case 3. The remaining six courses produced 
nissions Which varied from six to twenty-two months, with an average re- 
ssion for the group of $8.1 months. In keeping with previous studies, the 
erval of latency in response averaged eight weeks. 

With this summary of the response to other forms of medication one may 
sider the comparative efficacy of nitrogen mustard therapy in the control of 
veythemia vera, The most apparent advantage is the prompt suppression of 

e vthropoiesis. This is demonstrated by a decrease in reticulocytosis and a pro- 
ssive decline in the hemoglobin, erythrocytes, and hematocrit which reached 
lowest level at about 4.4 weeks after treatment. It has been mentioned that 
average remission to single phlebotomies was 4.6 weeks after a series of 

‘sections had brought the hematoerit within normal limits. Hence, with the 
‘ram of pretreatment phlebotomies the disease is controlled from the time 

6 treatment without a latent period in which the hematocrit may rise. The 
eased threat of thrombosis accompanying this prompt response is a distinet 

© vical advantage. 
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A clinical response of 6.5 months is sufficiently long to be physiologically 
and economically sound to the patient. Nitrogen mustard failed to produce a 
remission of three months or longer in two patients. In one of these (Case 3) 
two courses of radioactive phosphorus were ineffective. However, both patients 
had very active disease as evidenced by the reticuloeytosis, This may be a very 
significant corollary to the observation that in animals with the hemopoietic 
system in a regenerative phase, as produced by phenylhydrazine administration 
or repeated phlebotomy, there is a remarkable increase in the resistance of the 
marrow to toxie agents such as radiation or nitrogen mustard.*® If this mecha- 
nism is active in the human being it will explain the brief remission observed in 
two of our patients (Cases 3 and 7). We have considered the feasibility of more 
intense therapy in cases of this type, but it is unlikely that the myelogenous 
and clotting elements will show this resistance phenomenon. 

In all patients who had a hematologi¢ remission, a prompt alleviation of 
clinieal symptoms followed. This clinical and hematologic remission may be 
continuous if one uses regeneration to a hematocrit of 55 per cent as the eri- 
terion of relapse (Case 1) and institutes therapy promptly. 

Consideration must be given to certain disadvantages and potential com- 
plications. The immediate toxie reaction of nausea and vomiting following the 
injection of nitrogen mustard was considerably less in this group than in our 
experience with lymphomas. This reaction was slight in seven subjects, lasting 
but two to four hours with little vomiting. The possibility of aggravating the 
inherent tendency of polveythemia vera toward leucemia,*’*’ or toward myelo- 


fibrosis with a leucemoid reaction,'2: 4 


"42 by treatment with nitrogen mustard 
must be considered. Two cases were cited (Cases 8 and 9) in which there de 
veloped evidence of a leucemoid reaction. It is to be noticed that these patients, 
with conditions of ten and twenty years’ duration respectively, are in a stag 
of the disease in which this change may occur spontaneously.4'-*4 

Wilkinson and Fletcher,t and recently Woodruff,’ have reported unsatis 
factory response in three of four cases of polyevthemia vera. It must be recog 
nized that they used single small doses of nitrogen mustard at intervals o| 
several days. This method proved unsatisfactory in our hands in the treatment 
of lymphomas and leucemias. 

SUMMARY 


A group of ten cases of polveythemia vera is presented with a brief review 
ot earlier therapy as a basis for evaluating the response to nitrogen mustar 
therapy. The standard course of 0.1 mg. methyl-bis(B-chloroethyl) amine hy 
drochloride per kilogram body weight intravenously on four consecutive days 
given in patients prepared by phlebotomy, reduced the average hematocrit fro! 
9 per cent to 44 per cent in 4.4 weeks. A hematocrit of 55 per cent was used 
as the criterion for the onset of relapse. Two patients relapsed within four 
months, two within four to six months; four patients had remissions of six t» 
eight months, and two had remissions of eight months or longer. The averag 
period of remission was 6.5 months. Two patients with cases of ten and twent 
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vears’ duration developed Jeucemoid reactions after remissions of seven and 


thirty months. 


The prompt hematologic and ¢linical response is considered advantageous 


and warrants extended observation of this method of therapy. 


Ll. 
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PROGESTERONE AND ANILYDROHYDROXY PROGESTERONE : 
COMPARATIVE STUDY OF ORAL ADMINISTRATION 


WILLIAM Bickers, M.D. 
RICHMOND, VA. 


N EFFECTIVE, orally administered, progestational hormone has long 
A heen sought. It is widely held that progesterone administered orally is 
rendered biologically inert. An extensive survey of the literature does not 
reveal any well-controlled study in human beings to support this widely held 
concept. Contrarily, it has been recently shown by Dorfman’ that proges- 
terone given orally is followed by the excretion of significant amounts of 
pregnanediol in the urine, While this is not conelusive proof that oral proges- 
terone is biologically active, it does suggest that progesterone may be metabo- 
lized in the human being following oral administration in a manner ¢com- 
parable to that following the intramuscular route. In a single case report by 
Allen? it was shown that oral progesterone in a dose of 200 mg. led to an in- 
creased excretion of pregnanediol in the urine. 

In 1944 Corner® reported his observations upon the absorption and utiliza- 
tion of progesterone in the rhesus monkey. He utilized the well-known de. 
lavine effect of progesterone upon the onset of estrogen withdrawal bleeding 
as the testing method. From the experiment it was coneluded that the ef- 
fective sublingual dose of progesterone was approximately four to five times 
that of the intramuscular dose. In a recent report by me* it was shown that 
whereas 10 mg. of progesterone given intramuscularly daily for five days 
approximates the minimal effective dose for the consistent production of a 
well-developed progestational endometrium in the human being, a much larger 
dose is necessary when given sublingually. The minimal effective dose of 
sublingual progesterone in the human being as determined by endometrial 
response is approximately 90 mg. per day in divided dosage over a period of 
five days. It must be emphasized, however, that the progestational response of 

endometrium is obtained only following adequate preparation of the endo- 
mietrium with estrogen. Preliminary priming of the endometrium with estrogen 
over a period of ten to fifteen days is necessary for the consistent and efficient 
Wi lization of sublingual progesterone. 

Anhydrohydroxyprogesterone (pregneninoione) has a progestational ef. 

upon the endometrium after oral administration.° Salmon® has stated 
th t 105 to 540 mg. of anhydrohydroxyprogesterone orally administered over 

riod of three to eight days is required. Neustaedter® reports that 900 mg. 


0. va period of twelve days induces only a mid-luteal phase in the endo- 
ium. Allen and Heekel,s and Zondek and Rozin,’ also, have indicated 
t 80 me. over a period of five to six days may be the minimal effective dose. 
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MATERIALS AND METHODS 


Dose quia alents of Proge sterone and Anh ydroh ydroxypi ogesterone. 


Test Subjects: There were two groups of patients used for this comparative study: 


four patients under the age of 35 years recently subjected to bilateral oophorectomy and 
nine patients under 35 years of age with secondary amenorrhea. Each of the patients in 
these study groups had been tested previously for endometrial response by the oral admin 
istration of estrogen over a period of twenty days, supplemented by progesterone either ad 
ministered intramuscularly or sublingually during the last five days of estrogen administration. 


Estrogen withdrawal bleeding had been induced prev.ously in all test subjects by the admin 


istration of 40,000 I.U. (International units) of mixed natural estrogen (Urestrin®) daily 
for twenty days. This dose will consistently induce estrogen withdrawal bleeding. All had 


been found to have a responsive endometrium, albeit there was the expected individual varia 
tion in degree of response in different patients. 
RESULTS 

Dose Equivalents of Oral Progesterone and Oral Anhydrokydrosyproges- 
terone.—There were twelve eyeles in which the effect of orally administered 
progesterone were studied. Three bleeding cycles were studied in patients re- 
cently castrated by surgery and nine eyeles in patients with secondary amen- 
orrhea of eight to twenty-four weeks’ duration. Since the minimal sublingual 
dose of progesterone was previously determined to be approximately 90 me 
daily for five days following estrogen priming, it was decided to start these 
patients on swallowed (oral) progesterone at twice that dose. Accordingly 
the first castrated patient was given 180 mg. of progesterone orally in divided 
doses daily for five days following a preliminary priming with estrogen in the 
form of oral mixed natural estrogen, 4,000 1.U. daily for twenty days. This 
dose has been shown to be insufficient to consistently induce withdrawal bleed- 
ing. The same dose schedule was used in four induced cycles on the patients 
with secondary amenorrhea. 

Castrated Patients—Effect of Oral Progesterone: One of the eastrated 
patients was treated with 180 mg. of progesterone orally in divided doses 
daily for five days. Withdrawal bleeding occurred within eighty hours after 
completing treatment. In two cycles 120 mg. of progesterone were admin- 
istered daily for five days and was followed by a well developed progestationa! 
endometrium in both cases. The patient who received 180 mg. had an endo- 
metrial response little different from those who had been subjected to the 
lesser doses. Edema of the stroma, basal migration of the nuclei in the glandu- 
lar epithelial cells, and good secretion in the lumen of the glands were seen. 
(Fig. 1.) 

Patients With Secondary Amenorrhea—Effect of Oral Progesterone:  \n 
nine e¢yeles induced by oral administration of mixed natural estrogen (4,000 
I.U. daily for twenty days) plus oral progesterone (120 mg. daily for five 
days) withdrawal bleeding occurred within seventy-one hours after treatment 
in all patients. Specimens of endometrium obtained by the suction curetie 

*Urestrin (The Upjohn Company, Kalamazoo, Mich.) was the mixed natural estrosen 
used in this study. The progesterone was supplied by The Upjohn Company and the anhy: 


hydroxyprogesterone was the commercial product known as Pranone (Schering Corporation, 
sloomfield, N. J.). 
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Fig. 1.—The cytoplasm of the epithelial cells is filled with secretion. The nuelei are for 
tnost part basal. The stroma is highly edematous and there are foci of 
lon, The reaction is that of a fully mature progestational phase. (450) 
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on the first day of the withdrawal bleeding showed a proliferative phase endo- 
metrium in two, a transitional type of endometrium in one, and a moderate 
to good progestational response in six. <A full progestational endometrium 
(plus 4) was observed in five of the tissues. 

Anhydrohydroxsy progesterone. —Two of the castrated patients and six 
of the patients with secondary amenorrhea used in the oral progesterone study 
cooperated in a second cyele of treatment using anhydrohydroxyprogesterone 
in the place of progesterone for oral administration. The eight patients were 
given a preliminary dose of mixed natural estrogen, 4,000 1.U. daily for twenty 
days, a dose insufficient to induce withdrawal bleeding consistently. An- 
hydrohydroxyprogesterone in a dose of 120 mg. in divided dose daily was 
given for five days during the last five days of the estrogen administration. 

Castrated Patients—Effect of Oral Anhydrohydroryprogesterone: Endo 
metrial biopsy was taken by suction curette within twenty-four hours of the 
onset of withdrawal bleeding in the eight eyeles under study. Withdrawal 
bleeding occurred within six to eighty-four hours of treatment in all patients. 
The endometrium from one castrated patient, Fig. 2, showed a progestational 
response which might be classified as plus 3. It will be noted that although 
there is good invagination of the glandular epithelium, there is less edema of 
the stroma, no tendency to decidua-like formation in the interstitial cells, 
and a minimal amount of secretion in the lumen of the glands. This histologic 
picture was rather typical of the specimens of endometrium obtained in the 
anhydrohydroxyprogesterone-treated group. The endometrium obtained from 
the other castrated patient showed a similar pattern. 

Patients With Secondary Amenorrhea—Effect of Oral Anhydrohydrosy- 
progesterone: In the secondary amenorrhea group there were two specimens 
of endometrium which failed to show any progestational response following 
the foregoing treatment schedule. The three specimens which did show a 
progestational effect had good epithelial invagination in all sections studied, 
but the secretion in the lumen of the gland was minimal. There was a minima! 


amount of edema in the stroma and no decidua-like formation. 


CONCLUSIONS 
1. Progesterone administered orally to the human being is biologically 
active in a dose of 120 mg. daily over a period of five days when administered 
after preliminary priming of the endometrium with mixed natural estrogen 
in a dose of 4,000 I.U. daily for twenty days. A progestational response of 

varying degree can be induced in patients who have had a bilateral oophor 
tomy or who have amenorrhea secondary to functional ovarian failure. The 
endometrial response may be that of a fully developed progestational endo- 
metrium. In most eases there is a marked invagination of the glandular 
epithelium, basal migration of the epithelial cell nuclei, abundant secretion in 
the lumen of the glands, edema of the stroma, and a tendency toward decidua- 


like change in scattered areas throughout the stroma. 
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: 1 and no evidence of decidua-like reaction. The nuclear migration toward 
1! I n of the epithelial cells is well demonstrated, however, and the infolding of 
epithelium is typical of a mid-luteal phase. (450) 








Fig. 2.—The cytoplasm is poorly filled with secretion. There is no secretion 
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2. Anhydrohydroxyprogesterone is an effective oral progestational hor- 


mone in a dose of 120 mg. daily when administered during the last five days 
of a twenty-day pcviod of estrogen priming. Although a progestational endo- 
metrium is induced, the secretory response in the endometrium appears to be 
less than that following the oral administration of progesterone. Invagina- 
tion of the glandular epithelium and migration of the nuclei is Comparable 
with that seen after progesterone, but secretion in the gland lumen, edema in 
the stroma, and tendeney toward decidua-like cell formation in the stroma is 
absent. 
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ACUTE EFFECT OF 4-AMINOPTEROYLGLUTAMIC ACID ON BLOOD 
LYMPHOCYTES AND THE LYMPHATIC TISSUE OF INTACT 
AND ADRENALECTOMIZED MICE 


JeAN H. DouGuertry, M.D., ANpb THomas F. DouGuERty, PH.D. 
SaLT LAKE City, UTAH 


DMINISTRATION of folie acid antagonists results in a depression ot 
A hematopoiesis in all animal species studied. The most pronounced action 
of these compounds is on the bone marrow, although several reports indicate 
that there is also a very definite effect on the lvmphatie system. A decreased 
number of circulating lymphocytes follows chronie administration of variows 
of the antagonists or the feeding of a folic acid-free diet in mice’ and in guinea 
pigs.2 Lymphopenia was observed as early as the twelfth hour after a single 
large dose of 4-aminopteroylglutamic acid (Aminopterin) in rats® and atter 
forty-eight hours in mice.* Atrophy and degenerative changes in the various 
lvmphatie structures were found by several observers following both short- and 
long-term administration of the various antagonists. A decrease in the size 
of lymph nodes, spleens, and thymi of rats was observed by Phillips and 
Thersch® following a single massive dose of Aminopterin. After a five-day 
period of injection of this compound, Ritter and Oleson’ found acute degenera- 
tive changes in the spleens and thymi of rats and an increased amount of con- 
nective tissue in these organs. Animals bearing local tumors and treated with 
varying amounts of Aminopterin had extremely atrophic spleens.° The de- 
crease in size of these organs was due to a reduction in the amount of lymphatic 
tissue. Another group of investigators' found no consistent change in the 
amount of lymphatie tissue of the spleens of mice which had been on a folie 
acid-free diet supplemented with a crude antagonist. 

It has been demonstrated that the level of circulating lymphocytes and the 
size of lymphatic organs may be influenced by pituitary and adrenal cortical 


8 


secretions.” lurthermore, it is now clear that nonspecific stimuli of various 

es May increase adrenal cortical secretions which in turn results in a de- 
crease in the number of blood lIvmphoeytes and an acute involution of lymphatic 
orvans.” The following experiments were designed to ascertain whether Amin- 
opierin produced a diminution in blood Iymphoeytes and a reduction in the 
tiass of lymphatie tissue directly or through pituitary-adrenal cortical media- 


METHODS 


Seventy-five CBA mice 16 weeks of age and weighing approximately 20 grams were 
u in this study. The animals were fed ad libitum on dog chow (Purina) supplemented 
W calf meal (Larro) before and during the course of the experiment and were maintained 
it istant temperature quarters. 
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Aminopterin was administered intraperitoneally in saline solution daily for a period 
of five days to both intact and adrenalectomized mice. The latter animals were adrenal 
ectomized one day prior to the first injection of Aminopterin and were maintained on daily 
subcutaneous injections of 0.025 ml. of an oily solution of desoxycorticosterone acetate. 
Both groups of animals received 0.2 ml. daily of a solution which contained 0.02 mg. of 
Aminopterin (1.0 to 1.2 mg. per kilogram). This amount of compound was lethal to 16-week 
old animals; death occurred after seven to ten days of treatment. This large dose was selected 
because it resulted in a lymphopenia and lymphatic tissue atrophy within a period of time 
during which adrenalectomized mice survive and remain in good condition. 

The animals were weighed daily. Tail vein blood was used for all blood counts. Total 
white cell and differential counts were determined on twelve of the intact, treated mice at 
three, six, and twenty-four hours after the initial injection of Aminopterin. Similar counts 
were performed on the blood of both the intact and adrenalectomized animals twenty-four 
hours following the administration of the first, third, and fifth doses of the compound. 

The animals were sacrificed on the sixth day (twenty-four hours following the final 
injection) by severing the spinal cord. At autopsy, the weights of the inguinal, axillary, 
and mesenteric lymph nodes, thymi, spleens, and adrenal glands were determined. These 
tissues were either fixed in Zenker’s solution for histologic study or prepared for nitrogen 
analyses. The fixed tissues were stained with either hematoxylin and eosin or methyl green 
pyronin, One of each pair of adrenal glands was fixed in Formalin and stained with sudan 
IV. Nitrogen analyses were determined by the micro-Kjeldahl method.  <Air-dried bone 
marrow imprints from the sternum were also obtained from all animals. 

Two groups of control animals were used in these experiments. The first group consisted 
of 16-week-old intact animals. A second group was made up of 16-week-old nontreated 
adrenalectomized mice which were sacrificed six days following operation, This group of 
adrenalectomized mice was thus allowed to live for the same period of time following opera 


tion as the adrenalectomized treated mice. 


RESULTS 

Both groups of Aminopterin-treated animals lost considerable weight. The 
weight loss began within forty-eight hours after the initial injection at which 
time the mice began to show the rough coat and diarrhea which are character 
istic of animals treated with folic acid antagonists or kept on a folie acid-free 
diet. At autopsy, the mean weight loss was 3.5 grams and 2.5 grams for the 
intact and adrenalectomized animals respectively (Table I). The difference 
in weight loss between the two groups was not significant. It may be assumed 
that the weight loss of the Aminopterin-treated adrenalectomized animals was 
due to the treatment since untreated adrenalectomized controls did not show 
any weight loss during the same period after adrenalectomy. 

Blood Findings.—The effect of a single dose of Aminopterin on the white 
blood cells is illustrated in Fig. 1. The number of circulating lymphoeytes b 
gan to fall within three hours and reached its lowest level six hours after t! 
injection of Aminopterin. Within twenty-four hours after injection, the lymph 
cyte count was again within the normal range. 

In contrast to the results obtained following a single injection of Amin- 
opterin, continued daily administration of this compound to intact mice result« | 
in a progressive decline in the level of blood lymphocytes (Fig. 2). The Ami 
opterin-treated adrenalectomized animals, on the other hand, did not develip 
a statistically significant lymphopenia at any time (Fig. 2). A sustained aid 
statistically significant lymphocytosis was found in the nontreated adrenaleci - 
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TABLE I. EFFECT OF DAILY INJECTION OF 0.02 MG. OF 4-AMINO PG‘ 


LYMPHATIC INGUINAI 
NUMBER WT. LOSS TISSUE N, 
GROUP TREATMENT OF MICH GM, (MG. ) WT. ( MG.) 
I Intact, control 19 20:5 + 3.47 tg) eee Py 
I] Intact, 4-amino PGA 22 Boo 12:3 + 5 19.4 + 6.9 
III Adren., control 10 0.4 + 0.2 28.5 + 3.1] 10.5 + 4.6 
IV Adren., 4-amino PGA 24 2.0 + 0.9 21.8 + 4.1] oid & U2 
*The mean organ weights and nitrogen values are expressed per 100 grams fresh tissue 
of initial body weight. 
+Per cent weight change is from Group I, control 
tStandard deviation from the mean. 
mized animals (Fig. 2). The changes in the polymorphonuclear leucocytes 


which follow Aminopterin treatment are outside the scope of the present report. 

Organ Weights.—The mean organ weights of the four groups of animals 
and the mean percentage weight differences of the organs of each of the experi 
mental groups as compared with the intaet control mice are summarized in 
Table I. The absolute weights are not given since they so closely paralleled the 
relative weights. There was no significant difference in the response of the 
organs of either sex to Aminopterin treatment. 

The administration of Aminopterin to the intact animals (Group IT) re 
sulted in significant loss in weight of all lyvmphatie organs studied with the ex- 
ception of the mesenteric node. This structure did not deviate significantly 
from the control value. The thymi lost by far the greatest amount of weight 
The adrenal glands of the intact treated mice underwent a statistically signifi 
cant increase in weight (45 per cent) during the period of treatment. 

The lymphatie organs of the adrenalectomized treated animals (Group IV 
did not undergo weight loss with the single exception of the thymi. These or 
gans lost only about a third as mueh weight as did the thymus glands of the 
intact treated mice. The lymphatic organs of the adrenalectomized control 
mice (Group III) underwent significant hypertrophy ranging from a 20 pe! 
cent to a 50 per cent weight gain over values of the intact control animals. Thi 
adrenalectomized treated mice (Group IV) also had similarly hypertrophic 
lvmphatie organs with the exception of the thymi which, as mentioned, actual! 
lost weight following treatment. 

Nitrogen Content of Lymphatic Organs—The data obtained from t!] 
analysis of the nitrogen contents of the total samples of lymphatic tissue demo 
strated that the weight changes were actually due to alterations in protein co) 
ent. The differences in nitrogen content (Table I) of the lvmphatie tissue 
the various groups of animals correlated closely with the weight changes of 1 
individual lvmphatie organs. The nitrogen contents of the tissues of treated 
intact animals were significantly less and those of the adrenalectomized contre s 
were significantly greater than those of the nontreated control group (Table | 
Aminopterin treatment of the adrenalectomized animals did not result in a loss 
of lymphatic tissue nitrogen as compared with the intact control group. Ho 
ever, unlike the nontreated adrenalectomized controls, the lymphatic tis: 
nitrogen of the Aminopterin-treated adrenalectomized animals did not incre: 
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A 4 GHT AND ORGAN WEIGHTS* OF INTACT AND ADRENALECTOMIZED MICI 

NOI MESENTERIC NODE THYMUS SPLEEN ADRENAL 

Of Jo WT. To WT. J WT. % wr. 

( (MG CHANGE WT. (MG.) CHANGE WT. (MG. CHANGI WT, (MG.) CHANG! 
9 + 23.3 : 178.0 + 26.5 -_ 277.0 + 48.6 lG.o:+-1.8 : 
5 + 30.2 7 Jo0 2 oie 67 193.0 => 43.3 30 A Lee 45 
30 + 19.0 27 213.0 + 42.2 +20 $14.0 + 54.9 +50 
4+ 40.9 +50 139.6 + 36.9 2] 360.0 + 87.7 30 











Organ Histology.—The most prominent alterations in the lymphatic tissue 
of the intact Aminopterin-treated animals consisted of a loss of lymphocytes from 


The 


term ‘“‘lymphocytolysis,’’ as used here, denotes increased pyenosis and degenera- 


the various lymphatic organs and evidences of increased lymphocytolysis. 
tive changes in small and medium-sized lvymphoeytes. There were no cytologie 
alterations in the immature lymphocytes. Fewer mitotic figures were observed 
in the lymphatie organs of treated animals as compared with the number found 
in the organs ot intact control mice. Mitotie counts on the thymic cortices of 
four of the treated animals showed an average of 1.5 mitotie figures per 1,000 
cells as compared with the normal mean of 15.6. 

The cortices of the lymph nodes and white pulp of the spleens contained 
greatly decreased numbers of secondary nodules. Although there did not ap- 
pear to be any decrease in the number of immature lymphocytes in these strue- 
tures, it is likely that the total number was diminished since these cells are found 
mainly in the secondary nodules. The mesenterie lymph nodes showed widened 
interstitial spaces containing a pale-staining fluid and swollen reticuloendothelial 
cells. This increased amount of fluid might explain the absence of weight loss 
in these nodes, in spite of the narrowed cortices and increased cellular destrue- 
tion. 

The lymphatic tissue of the adrenalectomized treated mice did not show 
the alterations already deseribed. Instead, the microscopic appearance of the 
organs of these animals did not differ essentially from that of the organs in the 
The lymphatie tissue was densely packed with 


adrenaleetomized controls. 


lvmphoeytes and there were numerous mitotie figures. The lymph nodes and 
white pulp of the spleens contained many secondary nodules filled with im- 
tiature and developing lymphocytes. 

The relative size and comparative amounts of cortex and medulla of the 
It may be seen that 
Sor) 

lmost absent as compared with the amount of cortical substance present in 

intact control (Fig. 3, A). 
aeomal (Fig, 38, C) has a hypertrophied cortex as compared with that of the 
Mitaet The amount of cortical substance of an Aminopterin- 
tr sted adrenalectomized animal (Fig. 3, D) 
lw ‘veated intact or adrenalectomized mice but is not as atrophie as that found 


mi of the four groups of mice are illustrated in Fig. 3. 
cortex of the thymus of an intaet Aminopterin-treated animal (Fig. 


The thymus of a nontreated adrenalectomized 


control mouse. 


is less than that found in either 


itact Aminopterin-treated animals, 
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The red pulp of the spleens of mice is normally a site of erythropoiesis and 
megakaryoeyte production. In both the Aminopterin-treated intact and adrenal- 
ectomized animals there were extremely few megakaryocytes and an almost 
complete absence of developing red cells. Further, there was a hyperplasia of 
the reticuloendothelial cells of the red pulp of the adrenalectomized treated 


animals. 
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Fig. 3.—The effect of Aminopterin on the thymi of unoperated and adrenalectomized mics a 
(x12). A, Untreated intact control. B, Intact Aminopterin-treated animal following five injec- 

tions at daily intervals. The cortical portion is almost abolished. C, Nontreated adrenale« { 

tomized control animal five days following operation. Extensive increase in cortex as compared ] 

with the intact nontreated control. D, Aminopterin-treated adrenalectomized mouse followin: ( 

five injections at daily intervals. Cortex is smaller than that of either intact or adrenale: 9 

tomized control animal but larger than that of intact treated animal. a 

‘J 

The zona fasciculata of the adrenal glands of treated animals was thickened \ 

and the sinusoids were dilated. The adrenal cortical cells of the fasciculat a 

were large and had a vesicular cytoplasm. Within three hours following in- h 
jection of the initial dose of Aminopterin there was a complete depletion of the 

sudanophilic material of the zona fasciculata. ti 

The bone marrow alterations will be described in more detail in a subs C) 

quent report. Identical changes were observed in the bone marrows of bo u 

groups of Aminopterin-treated animals. There was a decreased number of rd u 

T 


cells of all stages of maturity and a ‘‘shift to the left’’ of the granulocytes wi 
increased vacuolation and nuclear segmentation in the immature granulocyi 
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and stem cells. This premature nuclear segmentation was reflected in the ma- 
ture polymorphonuclears which contained more nuclear lobes than were found 
in the cells of untreated animals. 


DISCUSSION 


Evaluation of the results of investigations concerning the influence of 
various agents on the growth of lymphatic tissue must take into account adrenal 
cortical control of this tissue. The results of recent studies indicate that certain 
adrenal cortical steroids have the capacity to bring about a dissolution of 
lymphoeytes.'° Further, the ability of numerous nonspecific substances to pro- 
duce accidental involution of lymphatie tissue is known to be due to the capacity 
of these agents to stimulate adrenal cortical secretion... Although most agents 
which bring about accidental involution apparently do so by hormonal means, 
there are others such as x-rays and nitrogen mustards which, in addition, have 
a direct lymphocytolytie effect." 

The data presented in this report demonstrate that Aminopterin, like other 
toxie substances, stimulates adrenal cortical secretion. A single injection of 
Aminopterin in the dose employed produced a lymphopenia of brief duration,* 
depletion of adrenal cortical sudanophilie material, and dissolution of lympho- 
cytes in the tissues. These three criteria have been shown previously to be an 
indication of a sudden inerease of adrenal cortical secretion.® 

The fact that Aminopterin has the capacity to act as a nonspecifie stressful 
agent should not be taken to indicate that the sole effect of this compound (or 
any other agent) on lymphatie tissue is mediated by indirect hormonal mechan- 
isms. The distinction between direct and indirect effects of Aminopterin has 
been made by administering this compound for a period of several days to in- 
tact and adrenalectomized animals. Although the cireulating lymphoeytes and 
nitrogen contents of lymphatic organs did not diminish in the adrenalectomized 
treated mice when compared with intact control values, they did not reach the 
increased level found among the adrenalectomized control animals. Thus, it is 
clear that whereas Aminopterin did not produce accidental involution in the 
absenee of the adrenal cortex, it did inhibit the rate of growth of lymphatic 
tissue whieh follows adrenalectomy. An analysis of the data indicate that this 
decrease of over-all growth of lymphatie organs in adrenalectomized treated 
animals was primarily due to an inhibition of the growth rate of the thymus. 
The inerement in weight of the lymph nodes of adrenalectomized treated animals 
Was not diminished. The fact that the number of blood lymphocytes did not 
aiiain the level found in adrenalectomized animals may be related to the in- 


— 


ition of thymus growth. 

At present the only known action of adrenal cortical secretion on lymphatie 
ti:sue growth is its capacity to bring about accidental involution by lympho- 
¢) olysis.1° It is not strictly correct, therefore, to assume that because a par- 
ti lar agent does not produce acute or accidental involution in the absence of 
th: adrenal cortex it does not play a role in influencing lymphatic tissue growth. 
T! roles played by nutritional constituents in lymphatic organ growth are par- 
larly difficult to evaluate since dietary restriction alone produces acute in- 
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volution through pituitary adrenal cortical secretions.'? The methods used in 
the present investigation may be of value in approaching other similar prob- 
lems related to lymphatic organ growth. 

The differences in the reaction of the various lymphatic organs to Amin- 
opterin administration cannot as vet be explained, However, it is important 
to emphasize that general conclusions concerning lymphatic tissue should not 
be drawn from a study of only one lymphatie structure. Other data obtained in 
this laboratory indicate that the thymus is far more labile in its reactions than 
are other lymphatie organs. 

The more direct action of Aminopterin on the inhibition of the growth of 
the thymus in adrenalectomized animals may be related to its capacity to in- 
hibit folic acid. The mechanism of action of folie acid on the metabolism of 
blood cells is not known. It has been suggested that folic acid inhibitors depress 
the growth of myeloid and erythroid cells by bringing about a maturation arrest 
at an early stage of development of these cells.')? The changes observed in the 
present studies confirm the alterations deseribed in the bone marrow of mice by 
other investigators.'!. It is apparent from the evidence presented in this report 





that pituitary and adrenal cortical secretions are not involved in the action of 
Aminopterin on bone marrow cells. 

The eytologie changes in lymphatic tissue seen after Aminopterin admini 
stration to intact mice were similar to those produced by adrenocorticotropic 
hormone or adrenal cortical hormones.'® However, the direct effect of Amin- 
opterin on the thymi of adrenalectomized mice did not result in cytologic 
changes which yielded information concerning the mechanism of action of folic 
acid on lymphocytopoiesis. 

The progressive growth of some acute leucemias in human beings and 
lymphomata in various experimental animals is inhibited by administration ot 
Aminopterin in near toxie dosages. ® 1°"° Although this compound in large 
amounts probably acts as a stress agent, it cannot be inferred from the data 





presented in these studies that its favorable action in these conditions is by ¢ 
hormonally mediated destructive action on the malignant cells. If this were so, 
all stressful agents would be expected to have a similar beneficial action 01 
leucemia. Further, Aminopterin would also have an effect on the cells of chronic 
lvmphatie leucemia. Examination of the immature lymphocytes in the organs 
of normal Aminopterin-treated mice revealed no alteration that would explai 
the sensitivity of immature malignant lymphocytes to this compound. 


SUMMARY 


The lymphopenia and acute atrophy of lymphatic tissue which were o! 
served following administration of a lethal dose of 4-aminopteroylglutamic ac 
to mice did not oceur when the animals were adrenalectomized prior to trea 
ment. Therefore, it is suggested that these changes in lvmphatie structures a 
probably hormonally mediated because of the nonspecific toxic action of the co! 
pound and the resulting stimulation of the pituitary and adrenal cortical s 
eretions. This is substantiated by the observation that adrenal cortical hyp: 
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trophy and depletion of adrenal sudanophilic material followed the injection 
of a large dose of Aminopterin. Ilowever, the Ivmphocytosis and hypertrophy 
of the thymus characteristically observed after adrenalectomy were not found 
in the adrenalectomized Aminopterin-treated animals. It is probable, therefore, 
that this compound has both an indirect hormonally mediated as well as a direct 
inhibitory action on the lymphatic system. 

In contrast to this dual action of Aminopterin on the lyvmphatie system, the 
effeet of this drug on myelopoiesis was not mediated wholly or in part by pi- 
tuitary and adrenal cortical secretion. 
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ARTIFACTUAL VALUES OF SERUM PRECIPITABLE IODINE 


KVELYN B, Man, Pu.D., aNd JoHN P. Peters, M.D. 
New Haven, Conn. 


| kK THE proteins of serum are precipitated with zine hydroxide and the precipi- 
tate is washed, inorganic iodine whieh has gained aceess to the blood from 
the use of Lugol’s solution, potassium iodide, iodized salt, or Furmethide is 
removed from the precipitate, leaving only the protein-bound iodine, which is 
composed almost entirely of thyroid hormone.’ This serum precipitable iodine 
(SPI) is, therefore, under ordinary circumstances, a most reliable criterion of 
the activity of the thyroid gland. Certain organie compounds of iodine which 
are used for diagnostie or therapeutic purposes, however, are precipitated with 
serum proteins and are not removed by washing. Spuriously high values for 
SPI are, therefore, found in patients who have received such compounds. This 
paper deals with an attempt to ascertain the duration of the effects on SPI of 
the administration of Priodax [-(4-hydroxy-3,5-diiodo-phenyl)-a-phenylpro- 
pionie acid], Diodrast (3,5-diiodo-4-pyridone-N-acetie acid diethanolamine), 
and Lipiodol, three compounds commonly employed for diagnostic purposes. 
It is probable that other similar compounds and diiodoquinone have similar 
effects. 

In a study of SPI, now in preparation for publication, it has been estab 
lished that the statistical limits of the normal range are 3.8 to 7.8 gamma per 
cent. Occasional apparently euthyroid individuals have SPI’s as low as 3.6 and 


as high as 7.8 gamma per ecent.° 


MATERIALS AND METHODS 

Priodar.—-The SPI of seven patients was measured before and at intervals 
after the oral administration of 3 grains of Priodax for roentgen visualization 
of the gall bladder. None of the patients had any demonstrable disorder of 
function of the thyroid gland, kidneys, liver, or gall bladder. The results o! 
these studies are presented in Fig. 1. In addition, isolated measurements have 
been obtained from twenty-two patients at intervals of two days to five months 
after the ingestion of Priodax. These are shown in Fig, 2. In only one ot 
the seven patients in Fig. 1 had SPI returned to its original concentration by 
the end of ten weeks. This value is subject to some doubt because the SPI was 
somewhat higher at twelve weeks. The majority had fallen by the end of thir- 
teen weeks, but two had not reached the base line after this interval. The iodine 
of another patient, having followed an irregular course throughout, between 
the thirteenth and sixteenth weeks rose to 7.8 gamma per cent, a level sometims 
found in untreated hyperthyroidism. It is obvious that this rise cannot | 
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Fig. 1.—The duration of elevated serum precipitable iodine after oral ingestion of 
Priodax in seven patients. Values preceding administration of the drug are shown at the left 
= ae is pg The horizontal line indicates the upper statistical normal limit of serum 
precipitable iodine. 
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Fig. 2.—The course of serum precipitable iodine after oral administration of Priodax. The 


points surrounded by circles are from patients with liver disease. 


ributed to Priodax. 


© ponential form of other excretory curves. 
\ ‘ich the earlier part of the curve is visualized. 


The curve of elimination of the dye has the general 
This is more evident in Fig. 2 in 
When roentgen visualization 


© the gall bladder is made after intravenous injection of the dye, probably a 





ater concentration of the contaminating organie iodine compound is present 
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in the blood stream at one time. For example, a precipitable iodine of 990.0 
gamma per cent, three times the value two and three days after oral Priodax, 
was found in one patient four days after intravenous administration of the dye. 
So gradually are the last remnants of dve excreted that it would be impossible by 
casual measurement or over a short interval to dete:mine whether SPI had 
reached the base line. The fall between eight and ten weeks in three of the 
patients in Fig. 1 does not exceed 2.1 gamma per cent. It would seem advisable, 
therefore, to make no measurements of SPI short of twelve weeks after oval 
Priodax and to accept no measurement at that interval without checking it after 
the passage of another two weeks. One observation in Fig. 2 suggests that in 
the presence of advanced hepatie insufficiency elimination of dve may be 
greatly delayed. 

Diodrast.—The elimination of the effeet of Diodrast has been studied in 
less detail. No measurements of SPI have been made after retrograde pyelo- 
grams. In general, the serum proteins do not seem to take up Diodrast as avidly 
nor to adhere to it as firmly as they do to Priodax. One hour after intravenous 
Diodrast SPI as high as 160.0 gamma per cent was noted on one occasion. Two 
and one-half hours after an injection the SPI of a woman with normal renal 
function had risen from 6.2 to 8.6 gamma per cent. The iodine of the serum 
not bound by protein at that time was 746.0 gamma per cent. Four days later 
the SPI had fallen only to 7.7 gamma per cent, although the iodine not bound 
by protein had decreased to 0.3 gamma per cent. At the end of eight days (no 


measurements were made in the interval) SPI had returned to normal, In ¢ 
second woman the SPI nine days after Diodrast was 8.2 gamma per cent, 1.5 
gamma per cent above the initial value of 6.5 gamma per cent; but by the end 
of fourteen days it had returned to normal. A third woman suspected of hyper 
thyroidism had SPI’s of 9.9 and 10.0 gamma per cent before and eleven days 
after Diodrast respectively. The SPI of two patients three weeks after Diodrast 
were at expected concentrations for euthyroid individuals, but no eontrol ob 
servations had been made. <All of these subjects had normal renal funetion 
Although the observations are few, they suggest that if renal function is unim 
paired, measurements of SPI two weeks after intravenous Diodrast are reliable 
Whether this would hold for patients with disease of the kidneys is quite un 
certain. The SPI of a woman with normal renal function one day after Diodras' 
was 33.0 gamma per cent. In contrast, 125.0 gamma per cent was found at thi 
same interval in the serum of a woman with a small left kidney and ealecificatio: 
of the vessels of the right kidney. 

Lipiodol. The contamination from Lipiodol is peculiarly persistent and w 
predictable. Presumably it must depend on the quantity retained in the bod 
and the rate at which it is being absorbed from the deposits at the time of t! 
analysis of serum. One patient who was under treatment for hyperthyroidis 
with propylthiouracil and Lugol’s solution was bronchoscoped immediately aft: 
Lipiodol. Five weeks later the SPI was 196.0 gamma per cent. Fifteen mont 
after the Lipiodol the protein-bound iodine was 11.5 gamma per cent. At t! 
time serum cholesterol was 165 mg. per cent and the patient had signs and sym 
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toms of mild hyperthyroidism. Prior to the Lipiodol, when the elinieal symp- 
toms of hyperthyroidism were somewhat more pronouneed, the SPI had been 9.3 
vamma per cent. In three patients SPI was above normal eleven, thirteen, and 
nineteen months after they had received the compound for roentgen visualization 
of the bronchi, These patients did have equivocal symptoms of hyperthyroidism 
but measurements of basal metabolic rate were unsatisfactory. The nonprecipi- 
table iodine of the serum also was elevated in two of these subjects. In spite of 
the fact that no Lipiodol was visible by x-ray, one of them, after eleven months, 


had 6.6 gamma per cent of nonprecipitable iodine in his serum. Normally the 





nonprecipitable iodine does not exceed 1.0 to 2.0 gamma per cent. This indicates 
that the deposits of Lipiodol discharge iodine into the blood stream for an ex- 
tremely long time and that a fraction of this tends to precipitate with the serum 
proteins. The values of §.7, 8.0, and 10.5 gamma per cent found in these three 
subjects suggest that as much as 3.0 gamma per cent may be referable to eon- 
taminating material. 

One paticnt with equivoeal signs and symptoms of hyperthyroidism hed a 
SPL of 26.0 gamma per cent ten days after the end of a two-week course of 
liiodoquinone. One patient with no clinical symptoms of overactivity from a 
goiter had a SPI of 18.4 gamma per cent three months after Pantopaque for a 


nvelogram, These are unexpectedly high values. 


SUMMARY 


The iodine of Priodax, tetratodophthalein, Diodrast, Lipiodol, and probably 
other ovganie compounds of iodine which are used for diagnostie and therapeutic 
purposes is included in measurements of serum precipitable iodine. They there- 
fore invalidate the use of SPI for the estimation of the state of thyroid aetivity. 


The duration of the contamination by some of these compounds has been studied. 
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EFFECTS OF PYRIBENZAMINE ON THE RESPIRATION OF MOUSE 
BRAIN HOMOGENATES 


THeEopoRE FE. Husparp, B.S., M.D., ANd Leo R. GoLpBAauM, B.S., M.S. 


‘ 


WASHINGTON, D. C. 





YRIBENZAMINE in therapeutic doses has been shown to have an hypnotic 
effect in human beings and in mice.’ In high doses it is capable of producing 
convulsions in laboratory animals and in man.’ It has been shown also to be a 
more potent local anesthetic than procaine.® 
It was the purpose of this investigation to observe the effeets of Pyribenz- 
amine on the metabolism of brain tissue in an attempt to elucidate the mechanism 
of some of the above-mentioned effects on the central nervous system. The 
results obtained with Pyribenzamine can be compared with those effeets which 
have been produced by depressants,’ analepties,” and local anestheties® on the 


in vitro respiration of brain tissue. 
EXPERIMENTAL 


The method of Reiner’ was used for glucose and pyruvate oxidation, that 
of Utter, Wood, and Reiner® for anaerobic glycolysis, and that of Schneider and 
Potter® for succinic oxidase and cytochrome oxidase activity. 

The brain preparations were made by homogenizing freshly removed whole 
brains of ten to twelve mice in cold, distilled water in a glass homogenizer. No 
longer than fifteen minutes elapsed from the time the animals were killed until 
the experiments were begun. The rate of oxygen uptake or carbon dioxide 
evolution was followed in Warburg manometers at 36.38° C. The contents of 
the various flasks are shown in Table I. After a fifteen-minute period for gassing 
and temperature equilibration the stopeocks were closed and readings were taken 
at ten-minute intervals for one hour. All determinations were made in duplicate, 
and the values given represent the average of two or more determinations. 


RESULTS AND DISCUSSION 

The effects of Pyribenzamine on the respiration of brain tissue are show! 
in Table I and Fig. 1. Pyribenzamine showed selective inhibition of respiratio! 
of brain homogenates. The oxidation of glucose, pyruvate, and the anaerobic 
glycolysis of glucose was inhibited, whereas the succinic oxidase or eytochrom 
oxidase systems were unaffected. A Pyribenzamine HCL concentration of 1 
mg. per milliliter was required to produce 50 per cent inhibition of glucose an 
pyruvate oxidation. This concentration was without effeet on anaerobie gl) 
colysis which required 4.0 mg. per milliliter to produce 40 per cent inhibitio: 
The inhibition of glucose oxidation by the foregoing Pyribenzamine concent} 
tions could be overcome by the addition of 6 x 10-*M methylene blue. 
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TABLE I. EFFECTS OF PYRIBENZAMINE ON THE OXYGEN CONSUMPTION OF MOUSE 
BRAIN HOMOGENATES 


CONCENTRATION OF PYRIBENZAMINE HCl (MG./ML.) 


None! 0.50 0.75 1.0 Lo | 26 a0 4.0 

a) Glueose oxidation* 6.10 6.07 5.49 4.90 3.06 1.54 0.92 0.59 

(b) Pyruvate oxidation* 8.04 7.61 =i 6.01 3.46 1.62 0.81 0.24 

ce) Anaerobie glycolysis 5.60 5.09 5.56 5.66 5.99 5.09 1.18 3.42 
of glucoset 

(d) Sueeinate oxidation* 3.82 — ae 3.76 3.90 3.78 3.80 3.88 

(e) Cytochrome oxidase* 3.34 ee = 3.00 3.25 3.45 3.40 3.39 


*Microliters of 02 per milligram of wet weight of brain tissue per hour. 

*+Values for anaerobic glycolysis of glucose are in microliters COs. 

Temperature 36.3° C.; gas phase, air; 0.1 ml. of 30 per cent KOH in center well; con- 
centrations of Pvribenzamine HCl as shown above. Contents of flasks: (a) Glucose oxida- 
tion—glucose 0.;°8M; hexose diphosphate + Ba 0.005M; ATP 0.0007M; DPN 0.001M; nicotin- 
amide 0.04M; cytochrome C 0.00006M ; Ke HPOsw-KHePO;s buffer pH 7.4 0.04M; 0.5 ml. 1:4 mouse 
brain homogenate; final volume 3.0 ml. (b) Pyruvate oxidation—sodium pyruvate 0.028M in 
place of glucose, otherwise the same as (a). (c) Anaerobic glycolysis of glucose—tempera- 
ture 36.3° C.; gas phase 95 per cent nitrogen plus 5 per cent COz; concentration of solution: 
glucose 0.028M; hexose diphosphate + Ba 0.0025M; ATP 0.0007M; DPN 0.0005M: nicotinamide 
0.04M; KeHPOi-KH2PO; buffer pH 7.4 0.01M; NaHCOs 0.048M; 0.5 ml. 1:4 mouse brain homog- 
enate. (d) Succinate oxidation—sodium succinate 0.05M: cytochrome C 0.00017M: CaCh 
0.0004M; AICls 0.0004M; NasHPOsw-HCl buffer pH 7.4 0.03M; 1 ml. 1:4 mouse brain homog- 
enate; final volume 3.0 ml. (e) Cytochrome oxidase—sodium ascorbate 0.0114M in place of 
succinate, otherwise the same as (4d). 
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Fig. 1.—Inhibition of respiration of brain homogenates by Pyribenzamine. 


Since the anaerobic glycolysis of glucose is interfered with, it might be 
ferred that the principal action of Pyribenzamine is to limit the supply of 

i termediary metabolites above the point of separation of aerobic and anaerobic 
c: rbohydrate metabolism. The inhibition of pyruvate oxidation indicates that 
s is not so. Leucomethylene blue can serve as a hydrogen carrier between the 
iydrogenase and oxygen since it is autoxidizable in air. The ability of 

' thylene blue to by-pass the block interposed by Pyribenzamine indicates that 
dehydrogenases involved in carbohydrate metabolism are not inhibited and 
gests that the block probably occurs between the pyridine nucleotides and 
cytochrome system. 
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This inhibition is similar to that observed with the barbiturates, although 
the concentrations of drug required for inhibition are from four to ten times 
higher than those observed with barbituratest and correspond to an in vivo dose 
of about 1 Gm, per kilogram. Since this is approximately ten times the intra- 
peritoneal LD. of Pyribenzamine, the conclusion that the inhibiting effects of 
this antihistaminie on the carbohydrate metabolism of brain may account for 
its sedative action cannot necessarily be made. 

Certain parallels have been shown between the in vitro depression of brain 
metabolism and the anesthetic potency of some of the local anesthetie agents. 
The effective concentrations of Pyribenzamine are comparable to concentrations 
of local anesthetics which produce a similar degree of depression of in vitro 
brain respiration, though the latter also inhibit the oxidation and reduction of 
eytochrome C°. It is possible that the effects observed may account for the local 
anesthetic action of Pyribenzamine. There is no evidence to indicate that the 
observed effects are related to the convulsant effeets caused by high doses of 
Pyribenzamine. The analeptic drugs which have been studied do not inhibit 
the in vitro respiration of brain tissue.’ 


SUMMARY 


Pyribenzamine inhibits the oxidation of glucose, pyruvate, and the anaerobic 
glycolysis of glucose by mouse brain homogenates. The sueceinie oxidase and 
cytochrome oxidase systems are not affected by Pyribenzamine. Sinee the block 
ean be by-passed by methylene blue, it is suggested that the site of inhibition is 
between the pyridine nucleotides and the evtochrome system. These effeets may 
explain the hypnotie and local anesthetic effects of Pyribenzamine. 

The results were obtained in in vitro studies and not after the material 
was injected into the animals and the brain homogenized, so that the results are 
only indicative of what might happen in the intact animal. 
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CARDIAC LESIONS FOLLOWING VENOUS CATHETERIZATION OF 
THE RIGHT AURICLE AND CORONARY SINUS OF DOGS 


WILLIAM G, BANFIELD, M.D.,* DoNALp B. Hacken, M.D.,+ AND 
Water T. GoopaLe, M.D.i 
ARMY CHEMICAL CENTER, MD. 


ENOUS catheterization of the heart, first performed by Forssmann,' was 

extensively developed and applied in man by Cournand and Ranges.’ A\l- 
though it is widely used as a diagnostie and investigative tool, reports of cardiae 
lesions following the procedure have been few. Johnson and co-workers* reported 
the ease of a 19 pound evanotie child with a hemoglobin of 22 grams. The 
catheter was introduced through the saphenous vein into the right auricle. At 
postmortem one month later, a well-organized thrombus was found oeceluding 
both internal iliac veins, the inferior vena cava, and the right renal vein. <An- 
other thrombus was found at the base of one of the cusps of the tricuspid valve. 
Cournand and associatest reported two eases with thermal burns in which the 
catheter was left in the heart over forty-eight hours. Both patients subsequently 
died and, at autopsy, no cardiae lesions were found. Dexter and co-workers? 
mentioned ten autopsied patients in whom there were no eardiae lesions at- 
tributable to catheterization. 

In a previously reported series of twenty-eight dogs,® autopsied after eardiae 
catheterization for the determination of coronary blood flow, a high incidence 
of eardiae lesions was observed. However, the many variables encountered in 
these experiments made it impossible to evaluate the factors acting to produce 
the lesions. Therefore, a series of dogs was catheterized under more standardized 
conditions and with as little manipulation as possible to find whether lesions 
would still occur, 

METHODS 


Kighteen dogs weighing 9.1 to 28 kilograms were lightly anesthetized with Nembutal 
ntobarbital sodium 25 mg. per kilogram), and the catheter was inserted gently under 


fluoroscopie control into the heart via the right external jugular vein. Clean but not 


L 


le technique was employed in all but two instances in which sterile precautions were 
observed. A slow intravenous drip of sterile physiologic saline was used to keep the 


catheter free from clotting in the tip. The catheter was removed after one hour. Forty 


eight hours later the dogs were sacrificed with intravenous Nembutal and autopsied im- 
mediately. No heparin was used in this experiment. 

The right auricle was catheterized in seven dogs using a soft, No. 6, plastic, curved 
t d, venous catheter with multiple eyes, deseribed by Goodale and associates.7 In an 
a ional five dogs the right auricle was catheterized with a No. 6, plastic, curve-tipped, 
verous catheter with a single terminal eye as originally used by Cournand and Ranges.? 
In ‘wo of these dogs sterile precautions were employed. The catheter was placed in the 
ir or vena cava and then withdrawn to the mid-right auricle where it was left with its 
ty iinting posteromedially. The natural course of the catheter was into the inferior 
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vena cava and it was entered only for purposes of orientation. All auricular catheteriza- 
tions were performed with great ease. There is no simpler or less traumatic cardiac 
catheterization procedure. 

The coronary sinus was catheterized in six dogs according to the method of Goodale 
and associates.6 The amount of manipulation required to place the catheter 2 to 3 em. 
within the coronary sinus was of necessity greater than that for catheterizing the right 
auricle; however, no great difficulty was encountered in any instance. The estimated 
degree of difficulty judged at the time of catheterization is shown in Table II. 

Forty dogs which were never catheterized were sacrificed with large intravenous 
doses of Nembutal after varying periods of Nembutal anesthesia. Their hearts were 
examined as controls. 

Clotting times were determined by the Lee-White method! on the dogs before anes 
thesia, after anesthesia, and forty-eight hours later. 

Electrocardiograms were taken before and during the insertion of the catheter, at the 


end of the experiment, and forty-eight hours later. 
RESULTS 
Right Auricular Catheterization—The right auricle was catheterized in 
twelve dogs with extreme precautions to prevent trauma to the heart. The 
results are presented in Table I. It can be seen that sterile technique does not 
prevent the occurrence of lesions. The dogs in which a No, 6, plain-tipped, 


TABLE I. CATHETERIZATION OF THE RIGHT AURICLE 











HEART ESTI- 
BODY WT. WT. MATED DESCRIPTION OF LESIONS 
poG (KG. ) (GM.) | TRAUMA* SUPERIOR VENA CAVA RIGHT AURICLE 
P-1t 15.0 122 ns 1 by 2 mm. slightly Aur. Bd.: 4 by 4 mm. raised T 
raised T. Azygos Post. R.A.: 10 by 3 mm, T 
ostium: pinhead sized 
T 
P-3t 16.6 27 > Aur. Bd.: pinhead sized T 
Post. R.A.: 5 by 3 by 3 mm. T 
P-4t 9.1 74 + 
P-dt 16.0 110 ss Post. B.A. lat. to I.V.C.: 8 by 
{ mm, T 
P-6t | 18.4 140 + 
7 13.9 a_i + 
~P-8t 17.7 139 + 
P-16$] 22.2 180 x 6 em. by 5 mm, T ex- | Post. R.A.: hemorrhagic. Au 
tending into R.A. | Bd.: small flat T. Base tri 
cuspid: 1 by 1.5 cm. T; 
| hemorrhagic 
P-17t 297.2 180 + |Below Aur. Bd.: 1 by 1 em. 
| flat T. C.S. ostium: small 
flat T. I.V.C. ostium and 
| base of tricuspid: hemor- 
| rhagic 
P-19} 21.4 a - o% em, by 2 mm, T 
} | . . 
| extending into R.A. 
P-20$ 17.7 | i, = |7 em. long T extending | Below Aur. Bd.: 3 mm. dial 
into R.A. | eter T 
P-216 e - 142 + | Lat. to Aur. Bd.: small filmy T 


Aur. Bd., Thickened band of muscle above fossa ovale; C.S., coronary sinus; I.V.C., 
ferior vena cava; R.A., right auricle; T, thrombus. 

*Estimated trauma at catheterization: minimal (+) to maximal (4+). 

+Goodale-Lubin catheter used’; clean technique. 

tPlain-tipped catheter used; clean technique. 
§Plain-tipped catheter used; sterile technique. 
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: Fig. 1.—View of heart with posterior wall of right auricle turned back. The catheter 
is passing down the superior vena cava, through the right auricle, and out via the inferior 
vena cava. Arrows point to lesions. For description see text. 


Cournand catheter was used developed as severe lesions as those catheterized 
with the Goodale-Lubin catheter. Five of the twelve dogs were free of cardiac 
lesions while the remaining seven showed mural thrombi at autopsy forty-eight 
hours later. These thrombi were on or associated with the thickened band of 
muscle above the fossa ovale, on the posterior surface of the right auricle, or at 
the base of the tricuspid valve. In two dogs, subendocardial hemorrhagie areas 
were seen. 

Fig. 1 illustrates Dog P-1 which had one of the most severe lesions produced 
in this series. There was a 4 by 4 mm., rounded, smooth, raised thrombus on 
the lateral surface of the thickened band of muscle above the fossa ovale. Below 
ail lateral to this on the posterior wall of the auricle was another club-shaped, 
1 om. long, 3 mm. wide, smooth, raised thrombus attached along its entire length. 
Ii the myocardium under this thrombus there was hemorrhage that could be 
sen through the epicardial surface of the auricle. In the superior vena cava 
a ~nall thrombus was found on its medial wall and another tiny thrombus at 
th azygos opening. Microscopically, the thrombi were of premortem appear- 
ane, with a few fibroblasts growing into the base. In the myocardium, beneath 
on of these thrombi, there was a collection of polymorphonuclear leucocytes 
a thin margin of degenerating muscle. 
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Coronary Sinus Catheterization.—In six dogs the coronary sinus was cathe- 
terized, and all of these showed some evidence of eardiae trauma. (Table IT.) 
In the right auricle, thrombi were found in three dogs on the band of muscle 
above the fossa ovale. In two instances there were rough, slightly raised, gran- 


ular thrombi on a large area of the posterior auricular wall. In one of these, 
TABLE IL. CATHETERIZATION OF THE CORONARY SINI 


ESTIMATE! 
DESCRIPTION OF LESIONS 


BODY HEART DIFFICULTY 
WT. WT. IN CATHE- SUPERIOR 
DOG (KG, ) (GM. ) TERIZATION VENA CAVA CORONARY SINUS RIGHT AURICLE 
P-9 18.2 138 2+ 1 by 3 mm. hemorrh. 
at junction of 
G.C.V. 
P-10 28.0 217 34 » small hemorrh. in | Lat. to Aur. Bd.: 
epicardial fat 1.5 by 3 em, T 
Between C.S. and 
I.V.C.: small 
eran. T 
At I.V.C. ostium: 
1 by 1 em. mural 
, 
P-1] 19.5 128 14 1 em. long area on 
post. wall of 
hemorrh. «and 
small mural T 
P-12 24.5 152 24 Hemorrh. in peri Aur. Bd.: T and 
sinuous fat hemorrh. on sur 
face 
Below Aur. Bd.: 
1.5 cm. area of 
mural T and 
hemorrh. 
P-13 19.1] 126 1+ 1 by 18 mm. T on Aur. Bd.: 3 mm. 
post. wall of C.S. diameter T 
P-14 AS Re 172 14 Just above M.C.V.: obstruct Aur. Bd.: 1 em. 
R.A.: long ing T at ostium long T extendi: 
flat T P.V.: obstructing upward 
T at ostium and 
hemorrh, in myo 
eardium about 
vein 
Between these: 2 


small flat T 

*Minimal (+) to maximal (4+). 

Aur. Bd., Thickened band of muscle above fossa ovale; C.S., coronary sinus; G.C.V., grt 
cardiac vein; hemorrh., hemorrhage; I.V.C., inferior vena cava; M.C.V., middle cardiac ve 
P.V., posterior vein of left ventricle; R.A., right auricle; T, thrombus. 
there was additional subendocardial hemorrhage. In a final instance there were 
many small subendocardial hemorrhages covering the ridge of muscle above tic 
fossa ovale. In the coronary sinus the lesions, in general, were small. They 
consisted of thrombi and small hemorrhages on the posterior wall of the sinus, 
and in two instances of tiny hemorrhages in the perisinuous fat. In most 
stances, the thrombi were flat and granular and appeared to form over als 
in which the endothelium had been abraded by the catheter. 

Dog P-14 was of particular interest (Fig. 2). Even though the traume ot 
insertion was minimal, the lesions in the coronary sinus were severe. One thr ‘il 
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Fig. 2.—View of heart with posterior wall of the right auricle turned back and the 
mary sinus opened. The catheter is passing down the superior vena cava through the right 
cle, and into the coronary sinus. Arrows point to lesions. For description see text. 


s was found obstructing the middle eardiae vein and another obstructing the 
ening of one of the posterior veins of the left ventricle. Between these there 


e several small granular thrombi. About the proximal portion of the pos- 
” vein there were many small subepicardial hemorrhages extending 1 to 2 
into the left ventricular myocardium, whereas the muscle around the 
lle eardiae vein was normal. It is interesting to note that the middle ecardiae 
had an extensive anastomosis about the apex with the great cardiac vein, 
‘the posterior vein had no grossly visible anastomosis. In the right auricle 
iis dog there was a pale, flat thrombus beginning on the lateral aspect of 
and of muscle above the fossa ovale and extending 1 em. above this band. 
ie medial surface of the superior vena cava was a long flat thrombus, and 
low this was another small thrombus. 
\ll the thrombi noted were of recent premortem formation as observed by 
2ross and microscopic examination. 
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Uncatheterized Controls —The uneatheterized control dogs failed to show 
thrombi or subendocardial hemorrhages in the superior vena cava, right auricle, 
or coronary sinus. Oceasionally, fresh subendocardial hemorrhages were ob 
served in the left ventricle and on the mitral and aortie valves, but never in the 
right ventricle or tricuspid valve. A single small blood eyst, brown or black 
in color, was found on the medial leaflet of the tricuspid valve in several instances. 

There were no statistically significant differences between the dogs’ clotting 
times taken before, during, and after anesthesia; nor was there any correlation 
between the clotting time and the severity of the lesions found at autopsy. 

Electrocardiograms.—The electrocardiograms taken before insertion of the 
catheter, one hour after insertion, and forty-eight hours later showed no signifi- 
eant differences in any dog in this series. There were isolated and short runs 
of auricular extrasystoles as the catheter entered the right auricle and isolated 
nodal extrasystoles were almost always produced on entering the coronary sinus. 
Neither ventricular extrasystoles, which occur almost invariably in catheterizing 
the right ventricle and pulmonary artery, nor any more serious arrhythmias 
were found. 

DISCUSSION 

The site of the lesions produced in the right auricle was relatively constant 
and occurred where it was expected that the catheter tip or shaft had impinged 
on the endocardial surfaces. Frequently lesions were found on or associated 
with the prominent band of muscle above the fossa ovale, which is much less 
pronounced in man, over which the catheter passed in all but the shallowest 
insertion into the right auricle. It was evident that the surface of such a strue- 
ture was prone to injury from the passage of the catheter tip, and from the con- 
stant rubbing of the catheter against it during auricular systole. This band of 
muscle, because of its contraction during auricular systole, caused continuous 
movement of the catheter, which may account for the lesions on the posterior 
wall of the auricle and in the coronary sinus. 

The superficial and transient nature of the lesions produced by cardiac 
catheterization is indicated in a previous report.® Animals in which the catheter 
was in place as long as five hours after very difficult catheterizations were ex- 
amined a few days later and were found to have large mural thrombi, extensive 
areas of thrombosis, and auricular myocardial hemorrhages. However, animals 
treated in a similar manner but sacrificed three weeks or longer after catheteriza- 
tion revealed only subendocardial fibrosis in the areas in which the catheter 
lesions customarily occurred. 

The fact that cardiae lesions following cardiac catheterization have not 
been found in man, except for the case reported by Johnson,* may be due ‘o 
several factors. Thrombi may not occur because the clotting mechanism in 
man is less active than in the dog.*: * '* The catheter may cause less abrasion 'n 
the less active human heart, which lies within a more fixed mediastinum aiid 
beats at a much slower rate than the dog’s heart under Nembutal anesthes::. 
Also, the band of auricular muscle above the fossa ovale in dogs, already d s- 
cussed as a common site of abrasion, is less prominent in man. 
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A fully comparable study of catheter damage in man is impossible, since 
most catheterization procedures in man, fortunately, are not followed by autopsy. 
If an autopsy were performed weeks after catheterization, one would expect to 
find, judging from observations in dogs, only minimal subendoeardia] fibrosis 
of questionable significance. At least thirty human cases have been observed 
at autopsy following postoperative death, only a few days after cardiae cathe- 
terization, by Cournand,'! Bing,'? and Dexter.'® No evidence of damage from 
cardiac catheterization was found in any of these hearts. 


SUMMARY 


The auricle and coronary sinus were catheterized in dogs as atraumatieally 
as possible. Thrombi, and subendocardial hemorrhages, in some instances as- 
sociated with small myocardial hemorrhages, were observed at autopsy forty- 
eight hours later. The lesions occurred at the sites where the catheter tip or 
shaft impinged on the endocardium. Even with the simplest procedure possible, 
represented by eatheterization of the auricle alone, lesions, though small, were 
still found. The possible factors which might explain why these lesions are 
found in dogs but apparently not in man have been diseussed. 


We wish to express our appreciation to Rudy Johnson for assisting in the laboratory 
and to Dr. S. H. Durlacher and Dr. W. Fleischmann for their helpful advice in the conduct 
of the experiment and in the preparation of the manuscript. 
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SIMPLE SPECTROPHOTOMETRIC DETERMINATION OF ETHANOL 
IN BLOOD BY DIFFUSION IN AN AUTOCLAVE 


GEORGE R. KINGSLEY, M.S., AND HAZEL CURRENT, B.S. 
Los ANGELES, CALIF. 


HE blood ethanol methods which have been reported in the literature 

cannot be adapted for simple, multiple, routine, clinical determinations. 
For example, the method of Gettler’ is time consuming and requires a special 
distillation apparatus; the method of Henry? requires for each determination 
two distillations before color development. 

The present method is sufficiently accurate and simple for multiple clinica! 
determinations. The principles of this method are accelerated diffusion of 
ethanol from blood into potassium dichromate, brought about in a sealed eon- 
tainer in an autoclave, and the reduction of the dichromate as measured by 


means of a spectrophotometer. 


MATERIALS AND METHODS 

Reagents. 

Acid Potassium Dichromate: Dissolve 3.70 Gm. of potassium dichromate, C.P., in 15! 
ml. of water. Add slowly, stirring constantly, 280 ml. of concentrated sulfuric acid, C.P 
Dilute to 500 ml. with water. 

Standard Ethanol Solution: Add 2.53 ml. of absolute ethyl alcohol to 50 ml. of dis 
tilled water (at room temperature 20° C.) in a 100 ml. volumetric flask and dilute to volumé 

Procedure.—Add 2 ml. of whole blood, serum, or plasma, and 2 ml. of distilled wate 
for reagent blank, to cool (20° C.) beakers 3 em. in diameter and 2 em. in height. Plac 
beakers in a standard taper 40/12 ground-glass stoppered weighing bottle 4 em. in diameti 
and 5 em. in height containing 10 ml. of acid potassium dichromate. Close glass stoppers 
firmly and place in an autoclave (kitchen pressure cooker with suitable gauge). Heat until 
a pressure of 15 pounds is obtained. Maintain this pressure for thirty minutes. Let the aut 
clave cool to room temperature before releasing pressure. Gently mix the dichromate soluti 
in the weighing bottles by rotating them before removing the ground-glass lid. Remove lids 
bottles as soon as possible after removing from autoclave. If the lid sticks, warm the bott 


in boiling water to expand the bottle, and then loosen the lid. Remove beaker from bott 





with small forceps and pour the reduced dichromate solution from the weighing bottle i 
a standard cuvette tube and read in spectrophotometer against a cuvette tube containing 
reagent blank set at 100 per cent T and 600 microns wave length. 


From the Clinical Biochemistry Laboratory, Wadsworth Hospital, Veterans Adminis‘ 
tion Center. 


Sponsored by the Veterans Administration and published with the approval of the Cl 
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Standardization.—Add 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 ml. of standard ethanol solution 
to cool (20° C) beakers 8 em. in diameter and 2 em. in height. Dilute each to 2 ml, with dis 
tilled water and place in standard taper 40/12 ground-glass stoppered weighing bottles 4 em. 
in diameter and 5 em. in height which contain 10 ml. of acid potassium dichromate and con 
tinue as directed under Procedure. Readings may be plotted against concentration of ethanol 
of the standards or a conversion factor (K.) ecaleulated: Milligrams ethanol/100 ml. K 

2-log% T). When 2 ml. of blood were used, the value of K equaled 1550 for Coleman spee 
trophotometers, Models 6 and 14, using No. 6-504 B cuvettes. A linear relationship was found 
to exist between the concentration of ethanol and per cent transmission at 600 microns wave 
leneth. 


RESULTS 

Various types of containers, including the Conway diffusion cell, for auto- 
claving blood with potassium dichromate were investigated with regard to 
rapidity of diffusion without loss of ethanol or sticking of the ground-glass 
seal. The type of ground-glass stoppered bottle and beaker used was found 
to give the most rapid diffusion and it contained enough air space to keep the 
stopper in place during slight changes in pressure. Investigation of various 
pressures of the autoclave at different time intervals indicated that 15 pounds 
pressure for thirty minutes gave complete diffusion of ethanol from blood in 
the shortest time. Good recoveries were obtained, as shown in Table I, when 
various amounts of ethanol were added to a series of 2 ml. blood samples from 
five normal individuals. 

Blood aleohol determinations were made on samples from patients with 
high concentration of blood urea and sugar to investigate the effect of possible 
formation of acetone bodies or other compounds which would reduce di- 
chromate. No interference from these substanees was found, as shown in 


TABLE I, RECOVERIES OF ETHANOL ADDED TO 2 ML. OF OXALATED WHOLE BLOOD 


ETHANOL | ETHANOL | ETHANOL 
PRESENT ETHANOL ADDED RECOVERED RECOVERED 
NO. (ma./100 Mt.) (MG. ) (MG. ) (%) 
bi 14 2 2.00 100.0 
14 4 3.84 96.0 
14 6 5.87 97.8 
14 8 7.97 99.6 
14 10 10.32 100.3 
2 17 4 3.84 96.0 
ef 8 x 98.0 
17 12 11.72 97.6 
oe 14 2 1.90 95.0 
14 t 3.84 96.0 
14 6 5.74 95.7 
14 8 7.62 95.3 
14 12 11.62 96.8 
1, 1] i 1.00 100.0 
1] 3 2.98 99,3 
A 4 £.02 100.5 
1] 5 4.95 99.0 
1] 6 5.86 97.7 
1] 7 6.70 95.7 
3. 8 2 2.04 102.0 
8 : Ske 104.0 
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Table Il. Blood ethanol estimates on samples from known alcoholics ranged 
from 100 to 480 me. per 100 milliliters. 


TABLE IT. EtrHANOL LEVELS OF BLOOD OF NORMAL INDIVIDUALS AND OF PATIENTS WITH 
High Bioop UREA NITROGEN AND GLUCOSE 


UREA N GLUCOSE ETHANOL 
NO, (MG./100 ML.) (MG./100 ML.) (MG./100 ML.) 
Normal Individuals 

1 14 8 

2 10 8 

5 7 0 

! 8 8 

5 13 16 

6 13 2() 

7 14 2() 

8 10 26 

9 7 2() 

10 8 8 

1] is 20 

12 17 20 


Patients 


1 132 19 
2 152 10 
3 74 7 
t 172 7 
5 346 28 
6 452 14 
7 622 11 
8 650 12 
9 336 10 
10 246 14 
1] 326 14 
12 336 7 
13 290 14 


SUMMARY 


A simple, rapid, accurate method for simultaneous determination of 
ethanol in several blood samples has been described. 
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PRESERVATION OF Rh AGGLUTINATING 
WITH SODIUM AZIDE 


ANTISERU 





H. C. Batson, PH.D., MARTHA JAYNE, B.S., AND MARTHA Brown, B.A. 
WASHINGTON, D. C. 


[* A previously reported study conducted in these laboratories,’ it was found 
that sodium azide exhibited a marked preservative action for an Rh agglutinat- 
ing serum deliberately contaminated with a mixture of viable bacteria selected 
as being representative of organisms commonly encountered as laboratory con- 
taminants. Furthermore, this chemical agent was found to have no deleterious 
effect on the antibodies as evidenced by the maintenance of titer of preserved, 
sterile serums. 

While these findings indicated the suitability of sodium azide as a preserva- 
tive for such products, the conditions of the experiment reported were selected 
primarily to permit a rapid evaluation of the reagent rather than to simulate 
practical laboratory conditions under which preserved serums would be stored. 
Anti-Rh agglutinins are relatively thermolabile® * * and the growth of certain 
hacteria which might cause inactivation of the antibodies is enhanced at 37° C. 
Accordingly, this temperature was employed for storage of serum specimens to 
accelerate destruction of their agglutinating activity. In order to approximate 
usual laboratory storage conditions, comparable experiments were performed in 
which the samples were stored at refrigerator (2° to 10° C.) and room (20° to 
25° C.) temperatures. These experiments were concomitant with that previously 
reported but necessarily were conducted over a longer period of time. The re- 
sults of the extended study are presented here. 


MATERIALS AND METHODS 


The materials and methods employed were the same as those previously described! ex 

cept for the temperatures of storage of serum specimens, A sterile serum containing an anti-D 
ti-Rh,) agglutinating antibody* was divided into three portions. To two portions, sodium 
azide was added to yield final concentrations of 0.1 per cent and 0.05 per cent respectively. 
The third portion was untreated. Each portion was then divided in half; one fraction was re 


tained in the sterile condition and the other was seeded with a mixed suspension of common 
laboratory bacterial contaminantst so that each milliliter of serum contained approximately 
one million organisms. Each of the six samples was cultured, titered for Rh agglutinating 
activity, and dispensed into rubber-stoppered vials. Samples were stored in duplicate at room 


an! refrigerator temperatures. At periodic intervals all samples were titered (employing suc 
cessive twofold dilutions) in saline against a 2 per cent suspension of pooled Group O, D posi 
tive (Rh, positive) cells and tested for sterility. 


, From the Department of Biologic Products, Army Medical Department Research and 
Gr iate School. 

Received for publication, Oct. 7, 1949. 

*The term agglutinating antibody as used throughout this report is considered synonymous 
wit igglutinin, saline agglutinin, early or immune antibody, bivalent antibody, and complete 
an ly. 

: ‘The cultures used were Bacillus cereus, Aerobacter cloacae, Streptococcus liquefaciens, 
Ps lomonas ovalis, and Staphylococcus epidermidis. These were obtained from the National 
In ites of Health through the courtesy of Dr. Margaret Pittman. 
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RESULTS 

Duplicate samples were titered for anti-D agglutinating activity at frequent 
intervals during a period of forty-six weeks. Results from the paired samples 
were in close agreement (in no instance was more than a twofold difference in 
titer observed) and appreciable changes in titer occurred only following extended 
periods of storage. Accordingly, the data presented in Table [| are the results 
of tests performed on only one set of samples following periods of storage si 


lected as ‘llustrative of the rate of deterioration. 


TABLE I. TITERS OF ANTI-D AGGLUTINATING SERUM SPECIMENS AS AFFECTED BY BACTERIA 


CONTAMINANTS, NAN. CONCENTRATION, TEMPERATURE, AND PERIOD OF STORAGE 
Nan, CON 
STORAGI CENTRATION PERIOD OF STORAGE (WEEKS ) 
SAMPLE rEMPERATURI (%) 0 j 14 16 
Refri 0.10 12S 64 128 O4 
ee 
sp 7 as 0.05 128 128 256 O4 
- -) OL00 128 128 128 64 
Sterile : : 
R 0.10 128 64 64 1 
“ing i 0.05 128 12S 64 t 
< cot : 0.00 128 128 64 ! 
— i) {) YR OR 128 g 
Refrigerator 10 le Le x + 
9°.10° ¢ 0.00 128 128 128 O64 
‘ ° (a ee ‘ 
Contam! 0.00 128 12S 128 oe 
nated 0.10 128 64 — 64 & 
Room pai = : ‘ 
97°95 ( O00 128 64 64 x 
— = -) . . Y 
0.00 128 64 16 Neg. 


*Reciprocals of greatest dilutions giving macroscopic agglutination of test cells. 


It was found that sodium azide, in the concentrations tested, was bacterio 
static, but not bactericidal, for the test organisms at both refrigerator and room 
temperatures. Viable organisms were recovered from the contaminated samples 
at all test periods. Gram-negative bacilli, gram-positive bacilli, and streptococe! 
were found in the untreated contaminated specimens, but the streptococcus was 
the only strain recovered consistently from the sodium azide-treated samples 

Refrigerated samples, either sterile or contaminated, exhibited little, if any, 
change in titers during the period of the study. Loss of activity at room tem 
perature was gradual but was clearly evident at forty-six weeks. This difference 
in retention of titer of the samples stored at the two temperatures is indicative 
of the thermal instability of the Rh agglutinating antibody. The titers of treated 
and untreated sterile specimens at both storage temperatures were comparahle 
at all test periods. This indicates that sodium azide in concentrations of 0.1 per 
cent and 0.05 per cent exerted no deleterious effect on the activity of the Ith 
agelutinating antiserum stored at either room or refrigerator temperature. 


All of the sodium azide-treated, contaminated samples retained agelutii 


ing activity comparable to that of the corresponding sterile samples. In sh 


contrast, the unpreserved contaminated samples stored at room temperatiir 


showed a rapid loss in titer. Some loss was evident at fourteen weeks and 


antibody was completely inactivated at twenty-five weeks. It is apparent 1/ial 


certain of the bacterial contaminants caused inactivation of the Rh agelutinat ng 
antibody. No attempt was made to identify which one (or more) of the part'cu- 
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lar organisms employed was responsible for this inactivation. It was evident, 
however, that sodium azide inhibited the bacterial growth and prevented the anti 


body inactivation resulting from this souree, 


SUMMARY 


The use of sodium azide as a preservative for an Rh agglutinating antiserum 
stored at room and refrigerator temperatures was investigated. It was found 
that, at these temperatures, sodium azide, in concentrations of O.1 per cent and 
0.05 per cent, was bacteriostatic and had no apparent deleterious effect on the 


avelutinating activity of the antiserum employed. 
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PRESERVATION OF SHEEP CELLS FOR HETEROPHILE 


ANTIBODY DETERMINATIONS 


THE 





ALFRED S. Evans. M.D.* 
New Haven, Conn. 


HE knowledge of better methods of preserving blood gained in recent 

vears has been applied to serologic techniques requiring the use of red blood 
cells. For instance, it has been found that sheep red blood cells stored over a 
long period of time are still satisfactory for complement fixation tests.’ How 
ever, the use of such preserved cells in heterophile antibody agglutination meth- 
ods has not been established. Indeed, earlier work suggested that sheep red 
blood cells stored in citrate for over a week were unsatisfactory for this pur 
pose.-t In the present paper mention will be made of the results of tests com 
paring several techniques of preservation of sheep red blood cells and the varia 
bility in titer occasioned by storage over long periods of time when these methods 
are employed. 

EXPERIMENTAL 

Comparison of Preserving Agents.—Ten milliliters of freshly drawn sheep 
blood were prepared by each of the following methods: (1) defibrination with 
glass beads; (2) heparin, 2 mg.; (3) 5 per cent sodium citrate, 2.0 ml.; (4 
modified Alsever’s solution,? 10.0 milliliters. The samples were stored at 4° (. 
in a refrigerator. At weekly intervals 2.0 ml. of each blood sample were with 
drawn, washed three times in saline, and made up as a 1 per cent suspension. 
These were tested against serial doubling dilutions of the same standard serum 
for a period of five consecutive weeks. Fresh blood drawn weekly from the 
same sheep was used as a control. The results are shown in Table I, where it will 
be observed that the use of sodium citrate gave the most consistent results though 
variations of only 1 or 2 tubes in titer were seen with any of the other preser\ 
ing methods. The degree of hemolysis at the end of the test period was som 
what greater with sodium citrate than with modified Alsever’s solution, but it 
was much less than that observed with either defibrinated or heparinized blood. 


Further Experiments With Sodium Citrate—To minimize hemolysis 


larger amount of sodium citrate was tested as a preservative: one sheep was 


tf 


bled at consecutive weekly intervals and the blood was stored in one half 


volume of 5 per cent sodium citrate at 4° C. On the tenth week these ten shee} 
blood preparations were washed and tested against a standard serum, titer 1:64. 


From the Section of Preventive Medicine, Yale University School of Medicine. 

This work was supported by a grant from the Division of Research Grants and Fell 
ships of the National Institutes of Heaith, United States Public Health Service. 

Received for publication, Oct. 17, 1949. 

*National Institutes of Health Postdoctorate Research Fellow, 1948-49. 

7Since the completion of this study, Rappaport and Skariton*® have reported that sh: ep 
red blood cells may be preserved for as long as two months by the addition of borax to ¢: fi- 
brinated blood. 

: tAlsever’s solution: Dextrose, 2.05 Gm.; sodium citrate, 0.80 Gm.: citric acid 0.055 Gin.: 

sodium chloride, 0.42 Gm.; distilled water q.s. 100.0 milliliters. Sterilize by filtration and sé 
equal parts with blood to be preserved. 
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TABLE I. RESULTS OF HETEROPHILE ANTIBODY TESTS USING A STANDARD SERUM AND SHEEP 
Rep BLOOD CELLS PRESERVED BY FouR DIFFERENT METHODS FOR A PERIOD OF FIVE WEEKS 
PRESERVING METHOD USED 


STORAGE AGE | SODIUM FRESH R.B.C. 


IN WEEKS CITRATE ALSEVER’S HEPARIN DEFIBRINATION CONTROL 
0 640 r 320 640 640 640 
l | 640 640 640 640 640 
2 640 12S0 1,280 1.280 640 
s | 640 640 640 640 640 
{ 640 640 640 640 | 640 
5 640 640 1.280 1.280 640 


Titer is expressed as reciprocal of final serum dilution. 


Identical heterophile antibody titers were found with each suspension of red 
blood cells, indieating that this amount of citrate did not alter the susceptibility 
of the cells. Hemolysis was minimal in unwashed cells up to six weeks of 
storage but was appreciable after that time even though similar ageglutinative 
titers were found after washing. 

In another experiment, 100 ml. of sheep blood were stored in 50 ml. of 5 
per cent sodium citrate at 4° C. for a period of six months. At this time it 
was washed and tested against nine sera of different titers from patients with 
infectious mononucleosis. Fresh sheep red blood cells were used as a control 
and all tests were done in duplicate. The results are shown in Table II, where 
it will be seen that in four of the sera the titer was identical with that obtained 
with the fresh sheep red blood cells and in the other six there was a difference 
of only one tube. 

TABLE IT. RESULTS OF HETEROPHILE ANTIBODY DETERMINATIONS ON NINE SERA USING FRESH 


SHEEP RED BLoop CELLS AND SHEEP RED BLOOD CELLS PRESERVED FOR SIX MONTHS IN 
SODIUM CITRATE 


HETEROPHILE TITER 


SERUM 6 MO. OLD R.B.¢ FRESH R.B.C, 
] 80) 160 
9 160 160 
5 160 520 
4 160 320 
> 160 160 
6 320 320 
7 320 640 
8 | 320 640 
9 640 1,280 


Titer is expressed as reciprocal of final serum dilution. 


Storage of Sheep Red Blood Cells as a 1 per cent Saline Suspension. 
Fresh sheep red blood cells were washed three times and made up as a 1 per cent 
Suspension in saline. This suspension was tested against the sarme serum when 
the red blood cells were fresh, and on the second, ninth, and fifteenth day of 
Storage at 4° C. Identical titers were obtained even though hemolysis was 
marked on the fifteenth day. 

DISCUSSION 

A comparison of the use of sodium citrate, heparin, modified Alsever’s solu- 

tio. and defibrination as methods of preserving sheep red blood cells for hetero- 


antibody agglutination tests has been made. Sodium citrate appeared to 

















302 EVANS 


give the most consistent results and was attended by a minimum of hemolysis 
over a period of storage of six weeks. Heterophile titers identical to those 
obtained with freshly drawn sheep red blood cells were found with red blood 
cells preserved by this method over a period of ten weeks, and even after storage 
up to six months, variations in titer greater than 1 dilution were not encountered 
It is interesting to note that the presence of marked hemolysis in unwashed 
preparations does not necessarily make them unsuitable for agglutination tests 
after washing. This suggests that up to the critical point of hemolysis an 
individual red blood cell may show little change in its agglutinability. 


SUMMARY 


1. Sodium citrate appears to be a somewhat better agent for the preserva 
tion of sheep red blood cell heterophile antibody agglutination tests than modified 
Alsever’s solution, heparin, or defibrination. 

Ae Sheep red blood cells preserved by sodium citrate were found to be suit 
able for agglutination tests after ten weeks of storage, and even after six months 
little alteration in the agglutinability of the red blood cells was observed. 

3. The presence of hemolysis in unwashed sheep red blood cells does not 


necessarily make them unsuitable for heterophile agglutination tests. 
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A SIMPLE MODIFICATION OF THE MIDDLEBROOK AND DUBOS 
HEMAGGLUTINATION TEST FOR SERUM ANTIBODIES TO 
PRODUCTS GF TUBERCLE BACILEI 


Nancy B. Scort, M.A., aNnp Davin T. Situ, M.D. 
DURHAM, N. C. 


N A recent paper by Middlebrook and Dubos,* a method of testing for anti- 
| bodies in human sera against the products of tubercle bacilli was described. 
The paper deals with the technique and results of hemagglutinations employing 
washed sheep erythrocytes sensitized with aqueous extracts of tuberele bacilli. 
These sensitized red cells are thus rendered agelutinable bv specifi¢ antibodies 
in the sera of experimental animals and of tuberculous patients. 

The extract which they prepared utilized dried tubercle bacilli of the strain 
H37Rvy grown on the surface of a liquid medium for fourteen days and then 
processed for several days until a clear, isotonic extract was obtained. Middle- 
brook and Dubos stated that material from the tuberele bacilli found in at 
least one sample of old tuberculin, after deglycerination, sensitized red cells to 
agelutinate in tuberculous antisera. They found that 1 ml. of deglycerinated 
old tuberculin was capable of sensitizing completely 0.025 ml, of washed, packed 
sheep erythrocytes so that these red cells were agglutinated in the same way 
and to the same titer in an anti-BCG immune serum as were red cells of the 
same lot sensitized by their extract of dried tubercle bacilli. 

The purpose of the present paper is to describe a modification of the Middle- 
brook and Dubos hemagglutination test, which appears equally specifie and at 
the same time sufficiently simple and cheap to be utilized by hospitals and 
institutions not equipped or staffed to prepare the original aqueous extracts 
or to deglyecerinate commercial tuberculin. 

The authors of this paper sought the aid of Lederle Laboratories in finding 
a suitable old tuberculin, commercially obtainable, which would meet their 
needs in performing a hemagglutination test for antibodies to tuberele bacilli. 
An old tuberculin of four times standard strength was supplied by their labora- 
tories to be used for this purpose. 

The hemolyzing effeet of the glycerine in old tuberculin upon the red cells 
was eliminated by dilution of the 4x O.T., using buffered isotonic saline as the 
diluent. A hemolytie test with serial dilutions of O.T. was performed on nor- 
mal, washed sheep erythrocytes and a dilution of 1:8 and above rendered the 
tuberculin nonhemolytie to the red cells. 

In another series of titrations of tuberculin against tuberculous antisera, it 
was found that there was complete sensitization of red cells until a dilution of 
more than 1:20 was reached. 


From the Department of Bacteriology, Duke University School of Medicine. 

Received for publication, Oct. 7, 1949. 
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Sensitized With Extracts of Tubercle Bacilli, J. Exper. Med. 88: 521-528, 1948. 
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A dilution of 1:15 of tuberculin in buffered, isotonic saline was arbitrarily 
chosen for the sensitization of red cells. Although the stoek tuberculin re 


mains stable for a long period of time at 4° C., the dilutions for the test were 
freshly prepared each day. A concentration of 0.1 ml. packed, washed sheep 


erythrocytes per 6.0 ml. diluted old tuberculin was used. It was found that 


concentration of red cells greater than 0.1 ml. per 4.0 ml. diluted tubereulin 
did not give complete sensitization of the red cells and resulted in lower titers 


when these cells were agglutinated in tuberculous antisera of previously deter 
mined antibody titers. 


METHODS AND MATERIALS 


Pre paration of Washed, Packed Sheep Eruthrocutes. Sheep red cells stored in Alsever’‘s 
solution® were centrifuged for ten minutes at 1,800 r.p.m., and the supernatant was removed 


with a pipette. These red cells were then washed three times with 6 vol. of isotonic saline 


solution. Following the last washing 


=? 


r.p.m., and as much of the supernatant as possible was removed with a small pipette. These 


cells were used in the test as ‘‘packed washed cells.’’ 


Preparation of Antigen.—Old tuberculin of four times standard strength (Lederle) was 
diluted 1 to 15 in buffered isotonic saline, using 0.4 ml. tuberculin to 5.6 ml. buffered saline. 


To this, 0.1 ml. paeked, washed red cells was added and ineubated for two hours in a 37° ©. 


water bath. The mixture was thoroughly shaken at approximately fifteen-minute intervals 


This cell suspension was removed from the water bath and centrifuged at low speed (approxi 


cells which is difficult to resuspend without hemolyzing some of the red cells. The cells were 


washed three times with 6 ml, volumes of buffered saline and finally resuspended in 50 n 


buffered saline, to be used as antigen in hemagglutination tests. This antigen may be stored 


for three days at 4° C. temperature. 


Absorption of Patient’s Seruwm.—One milliliter of patient’s serum was added to 1.0 ml. 


buffered saline; the solution was inactivated at 65° C. for three minutes, cooled to room 


) 


temperature, and 0.2 ml. of untreated, packed, washed sheep erythrocytes were added; the 


mixture was allowed to stand at room temperature for at least twenty minutes. The cells 


were removed from the serum by centrifugation at 2,500 r.p.m. for seven minutes and di 


carded. Another 0.2 ml. volume of untreated, packed red cells was added to the serum and 


the mixture was allowed to stand for another period of twenty minutes at room temperature, 


after which the cells were removed by centrifugation. This absorption of the patient’s serum 


with normal red cells removes the heterophil antibodies which are capable of agglutinating 


normal red cells. 
Absorbed serum may be stored indefinitely in a deep freeze without alteration of antl 


body titer to sensitized red cells. 


Hemagglutination Test.—Using standard size Wassermann tubes and racks, tests were 


set up with absorbed serum in twofold serial dilutions. Four-tenths milliliter of the absorbed 
serum was added to the first and second tubes. Serial dilutions were made from the second 
tube through eight tubes, with equal volumes of buffered physiologic saline. To tubes con- 
taining 0.4 ml. of serum dilution there was added 0.4 ml. of 0.2 per cent suspension of 
sensitized red cells. Two control tubes were used—one tube containing 0.4 ml. of saline 


and 0.4 ml. of sensitized red cell suspension being used as antigen, and another tube con 
) g 


taining 0.4 ml. of 1:2 dilution absorbed serum and 0.4 ml. of a 0.2 per cent suspension of 
untreated, washed, sheep erythrocytes. A known positive and a known negative serum were 


*Each 100 ml. of Alsever’s solution contains: dextrose, 2.05 Gm.; sodium citrate, 0.8 Gm.; 
and sodium chloride, 0.42 Gm. The original Alsever formula has been recently modified by the 
addition of 0.055 Gm. of citric acid per 100 ml. The finally sterilized solution has a pH of 6.1 
and shows very slight or no evidence of caramelization. (Bukantz, S. C., Rein, C. R., ind 
Kent, J. R.: Studies in Complement Fixation. II. Preservation of Sheep’s Blood in Citrate 
Dextrose Mixtures (Modified Alsever’s Solution) for Use in the Complement Fixation Reaction, 
J. LAB. & CLIN. MEp. 31: 394, 1946.) 











the cells were centrifuged for twenty minutes at 2,000 


mately 1,000 r.p.m. for six minutes). A low speed is desired to avoid a hard button of red 
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included each time unknown sera were tested. The negative sera were obtained from in 
dividuals with negative tuberculin skin tests. 

The tubes were shaken and then incubated in a 37° C. water bath for three hours. 
Upon removal from the water bath, tubes were reshaken and left at room temperature over 
night, to be read the following morning. 

Tests were read in a manner similar to the usual type of red cell agglutination. 

RESULTS 

A series of fifty sera of tuberculous patients were tested and thirty-eight 
of them were found to have agglutinins to products of tubercle bacilli at a 
serum dilution of 1:2 or greater. Forty medical students and nurses who had 
received BCG four months previously were tested, and of this number thirty 
showed positive results in hemageglutinations for antibodies to tuberele bacilli. 
In a group of sera of fifteen persons having a negative tuberculin skin test, 
all hemagelutinations for antibodies to tubercle bacilli were negative. 

The clinieal significance remains to be determined and is under investiga- 
tion in a larger series of patients. 

All the original tests were performed with a single lot of old tuberculin 
obtained from the Lederle Laboratories. To determine if random lots of this 
4x old tubereulin would prove to be equally reliable, we obtained samples from 
six fresh lots. The original lot and these six lots were used coneurrently to 
sensitize red cells, which were in turn used as seven separate antigens to test 
a total of ten positive sera and ten negative sera. A sample protocol is seen 
in Table I. Total results are found in Table II. These indicate that there is 
ho significant difference in the lots of old tuberculin in regard to power to 
sensitize red cells, slight differences being within normal limits of error in 
dilution of sera and performance of tests. 


TABLE I. SAMPLE PROTOCOL SHOWING RESULTS OF HEMAGGLUTINATIONS OF 
SEVEN ANTIGENS WITH SERUM F 


SERUM DILUTION 


ANTIGEN | 1:2 1:4 1:S 1:16 1:32 1:64 1:128 1:256 

l | t t = 

yy } 4 + 

3 + 

1 } 

is 4 

6 n + 

7 } 


DISCUSSION 


It is hoped that the hemagglutination procedure described will enable work- 
ers to test a large number of sera from many patients with tuberculous disease 
in its various stages and forms, as well as those patients in whom a definite 
diagnosis of tuberculosis has been impossible to establish. It will be equally 
interesting to add to the data tests on individuals not having tuberculosis, in an 
attempt to determine whether false positive results are obtained, and if so, 
tinder what cireumstances they may be expected. 
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MODIFICATION OF MIDDLEBROOK AND DUBOS HEMAGGLUTINATION TEST DOT 


SUMMARY 


A hemagglutination test has been deseribed for the demonstration of anti- 
bodies in human sera to the products of tubercle bacilli. It is a test which ean 
he performed in a halt day's time, to be read the followine morning. Old 


tubereulin used in sensitizine the red cells to be used as an antigen is commer- 


cially available and sufficiently stable that it may be stored for a relatively lone 


period of time at a temperature of 4° C, 
The data available at present indicate that the test is specifie for anti 
hodies of tubercle bacilli found in human antisera. 











FOR CULTURE OF ENDAMOEBA HISTOLYTICA ASSOCIATED 
WITH A SINGLE BACTERIUM 
Eper L. HANSEN, PH.D. 


SAN FRANCISCO, CALIF. 


HE media used initially for cultivation of Endamocba histolytica were di 


phasie in character, consisting of a rich coagulated slanted phase overlaid by 


a nutritionally poorer liquid phase, and ineluded various combinations of egg, 
liver, serum, and albumin. These media have served for the isolation of parasitic 


amebas from infected feeal material, but, for the purpose of large-scale testing 
of potential amebacidal agents, they suffered from the defects of tedious prep 
arative procedures, difficulty of standardization of ingredients, and most impor 
tant of all, a variable and unpredictable absorption of test material from the 
liquid phase. 

A liquid medium composed of standardized dry ingredients was, therefore, 
designed, in which the only solid material is rice powder. In this medium LF. 
histolytica associated with a monobacterial flora has been carried continuously 
since June, 1945, and more than 300 separate tests on potential amebacidal agents 
have been carried out. The medium also has been successfully used by other 
collaborators during the course of our general study. It has proved of value in 
devising a simple method to test whether or not an apparently amebacidal agent 
is effective indirectly through inhibition of growth of the associated bacteria.' 
This medium has been used, conveniently, to produce large numbers of tropho 
zoites and has been used for studies of the correlation between the growth evele 
of amebas and the changing oxidation reduction potentials. It also has been used 
in exeystment studies.? 

MATERIALS AND METHODS 

The culture used for the basie studies was strain 108, which had been started by 
microisolation by Dr. Rees in November, 1941. The amebas were associated with the no: 
pathogenic gram-negative bacillus, organism t, which can be considered as microaerophilic. 

Another culture of amebas, N.R.S. strain, (Dobell) associated with a streptobacillus was 
established by Dr. Rees in egg slant medium. It was transferred to liver-proteose-peptone 
medium in February, 1949, and has since maintained vigorous growth. However, still an 
other culture isolated by Dr. Rees, strain 107, associated with Clostridium perfringens woul) 
not survive in this medium after transfer from the egg slant medium. 

The liver-proteose-peptone medium has been briefly referred to in previous publications 


and was variously designated as ‘‘liquid liver’’ or ‘‘liver-proteose-peptone medium.’? ‘Tlic 
present report describes its preparation and use in sufficient detail to permit utilization }) 
others. 

The medium was developed during the course of investigation of liquid media in general. 


It was found that culture. would survive for only one transfer in the serum-saline medium 


From the Division of Pharmacology and Experimental Therapeutics, University of 


California Medical School. 
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recommended for use in drug testing by Laidlaw and co-workers; nor could the amebas 
he maintained in a liver infusion medium or in Baeto-Thioglycollate Medium, No. B237. How 
ever, in 1945 a satisfactory medium was prepared which was essentially an infusion of 
coagulated, fresh, whole egg.1® The medium was not used extensively for the testing of new 
agents, nor were other egg infusion media!!, 12 tried because the simpler formula reported 
here was developed and proved highly successful. 

The advantages of the present formulation are that the medium can be prepared rapidly 
from standardized dry ingredients that are readily available, and, since it contains no serum, 
sterilization can be carried out by autoclaving. The absence of the solid slant and the rela 
tively low growth of bacteria greatly facilitated observations of the numbers and morphology 


of trophozoites. The presence of starch granules did not unduly complicate observation of 


the ameba with the microscope. 


COMPOSITION GRAMS PER 100 ML. MEDIUM 
Proteose peptone, Difco No. B120 20) 
Liver, Wilson’s Fraction L, enzymatic digest 0.5 
l-cysteine hydrochloride 0.1 
Methionine 0.02 
Cholesterol 0.004 
Rice powder, Difco No. B146 (0.4 
Nal 0.5 
Na,HPO,: 7H,O 1.0 
KPO, 0.1 


Preparation of Medium.—The last three ingredients in the foregoing table were dissolved 


le and stored 


in the concentrations indicate. to form a stock buffered saline which was ma 
in lots of 4 ijiters each. The medium itself was prepared periodically in small amounts, 
usually about 500 ml., as needed, by dissolving the other ingredients in the stock solution. 
The proteose- peptone, liver digest, cysteine, and methionine were added first and dissolved 
with oecasional shaking in about ten minutes. Following this, the cholesterol was dispersed 
by mild agitation, completing the preparation. The rice powder was added separately to 
the test tubes after dispensing and sterilization, 

The liquid volume of 4.5 ml. was conveniently dispensed by using an Improved Cornwall 


Syringe No. 1250 and an Automatie Double Valve No. 470V.t{ Sterilization was earried 


out by autoclaving for ten minutes at 128° C. and 15 pounds pressure. The medium appears 
as a clear, light-brown liquid. A slight sediment of minute amorphous particles and choles 
terol crystals sometimes formed on standing. Rice powder was sterilized with dry heat at 
100° C, for one hour on at least three occasions. Approximately 5 mg. of it were added 
to each tube of the medium. The rice powder was conveniently stored, as suggested by 
Dr, Rees, in a small flask sealed to a dispensing hood, the required amount being released by 
tapping the container. 

Constituents of Medium.—Since the medium was designed solely for the purpose of ob 
taming abundant growth of the trophozoites, no attempt was made to ascertain the minimum 
amounts of the several ingredients. However, during development of the medium it had 
been noted that addition of only two-thirds of the specified quantities of dry ingredients 
to the saline stock resulted in poor growth. A medium containing 0.5 per cent proteose 
peptone and 0.1 per cent liver, even with the addition of 0.3 per cent sodium thioglycollate, 
Supported growth during only three transfers. 


\ddition of serum or the infusion of coagulated whole egg did not improve growth. 
Whi erythrocytes were added, they were readily ingested by the trophozoites, but there 
appeared to be no improvement in growth of amebas. 

Cholesterol: Cholesterol (Pfanstiehl Chemical Co.) was ineluded in the medium on the 


rather empirical basis that it had been found to be a requirement for amebie growth in an 


C ae supplied through the courtesy of Dr. David Klein, Wilson Laboratories, 
i £0, 7 


Suppliers: Beeton Dickinson, Rutherford, N. J. 


It is a pleasure to record the visit of Dr. Y. T. Chang, one of whose many suggestions 
the use of this rapid dispensing method. 


Wa } 
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entirely different type of medium.! Ilowever, one series of cultures was maintained through 
sixteen transfers in medium from whieh cholesterol had been omitted. Dispersion of the 
cholesterol from chloroform and alcohol solutions and from aqueous solution containing sodium 
glycocholate or bile salts was tried, and this as well as the substitution of coprosterol caused 
no improvement in growtii. A soluble salt, cholesterol sodium sulfate was recommended by 
Dr. Rees and prepared by Dr. Gordon Alles and associates and more recently supplied }y 
Ifvnson, Westcott and Dunning, Inc. This was used satisfactorily in several tests, but was 
not always included, 

Methionine: Methionine (Eli Lilly & Company) was included because it had been found 
ro infusion medin 


‘ 
S55 


‘oo slant medium and e 


to be stimulatory when added to cultures in both the 
\ recent trial, using only a single series of subcultures, in media without methionine suggested 
that it was not essential, but it was deemed inadvisable to change the formulation in view 
of the usefulness of the medium as originally developed. 

l-Cysteine Hydrochloride: 1-Cysteine hydrochloride (Pfanstiehl Chemical Co.) is essen 
tial, and in its absence trophozoites did not survive. It was added in order to produce some 
degree of reduction in the medium. It cannot be replaced by the oxidized form, cystine, 
Populations in this medium were not improved by rendering the conditions more anaerobi 
either by sealing the surface with melted petrolatum or by holding the cotton-stoppered 


g contrast to the necessity for imposed anaerobiosis 


tubes in nitrogen. This is an interestir 


found by Zuckerman and Meleneyi4 with their thuid encystment medium. 

Liver Extract: Various types of liver preparations have been used in the cultivation 
of EB. histolyticals. 16 as indeed for many other organisms. Wilson’s Fraction L, enzymati: 
digest, was chosen on the advice of Dr. Louis Greenberg who had used this product in nutri 
tional studies in mammals. 

Proteose Peptone: Proteose peptone is a dehydrated acid digest of protein. It was 
selected because of its high content of proteoses relative to peptoneslé to provide the nitrog 
enous compounds of high molecular weight that may be needed by the amebas. Other peptone 
produets were not tried. 

Rice Powder: Rice powder was essential in this medium for cultures associated with 
both organism ¢ and the streptobacillus. In the presence of high populations of trophozoites 
there was a characteristic disintegration of the rice powder masses into component granules 
of approximately 5 w size. Large numbers of these granules were ingested by the trophozoites, 


particularly by those amebas associated with organism ¢. 


It is appreciated that this rice produce is not composed of pure starch.14 Determinations 


of the protein nitrogen were very kindly communicated to us by Dr. De Lamater and asso 


ciates, University of Southern California, These indicate that the nitrogen content was 


J 


considerably higher than that found in a pure rice starch product. However, several attempt 
made during the past years to substitute pure rice starch for the rice powder were unsuccess 
ful, the population being reduced to less than one-half that of the control. These observa 
tions were made on the third successive transfer, by which time the carry over of rice 
powder became practically exhausted. 

Since the rice powder cannot be autoclaved in the medium or subjected to temperatures 
much in excess of 100° C. during dry sterilization, it is a potential source of contamination. 


The medium therefore usually was incubated overnight following the addition of star 


However, it was frequently noticed that addition of the starch just previous to or immediate!) 
after inoculation resulted in better growth of both organism ¢t and the ameba. 
Addition of glucose to the medium in amounts ranging from 1.0 to 0.1 per cent greatly 


improved the growth of organism ft, but survival of the trophozoites was prevented by 
high acidity that developed, the pH falling to 4.8. Other attempts to substitute other cart 


hydrates for powdered rice have been referred to previously.7 


J 


Buffer: The composition of the saline was developed on the advice of Dr. Gordon Alles, 
with the idea of providing considerable buffer capacity against the acidity produced }) 
organism t. The pH of the saline was 7.52 (range 7.22 to 7.42). The initial pH of tlie 
medium was 6.64 to 6.95 and during incubation of the culture over periods of three to nine 
days it did not fall below a pH of 6.4. The salts used were of reagent quality and no 


attempt was made to consider the effect of trace minerals. 
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Effect of Storage.—The medium was so easily prepared that quantities sufficient only 
for a period of one to two weeks were made up at one time. <A preliminary investigation 
on ten series of cultures showed that the medium was most satisfactory when freshly pre 
pared. After storage of the medium for a period of five to twelve days, the populations in 


seventy-two-hour cultures were variable, and frequently only one-tenth of the expected maxi 


mum number of trophozoites was obtained. After fourteen days the medium was much 
less satisfactory, and when used on the seventeenth or eighteenth day it resulted in death of 
amebas in some of the cultures. The deterioration was partly reduced by storage at 5° C. 
The medium beeame slightly darker on standing, There was no change in pH. The latter 


deterioration was not solely due to oxidation because this occurred very soon after prepara 


tion. Limited trials (three successive transfers of three series of cultures) indicated that 





media stored for sixteen days at room temperature (approximately 24° C.) and then auto 


claved were as satisfactory as freshly prepared media. 


RESULTS 

Population Cycle.—The population reached its peak, 500,000 trophozoites 
per tube, in forty-eight hours and then slowly declined over a further four to 
nine days. The usual inoculum consisted of approximately 150,000 ° tropho- 
zoites contained in a volume of 0.5 ml. taken from the sediment of the parent 
culture. 

Organism ¢ passed through an elongated vegetative phase during the first 
four hours, and then terminal ‘‘endospore-like’’ bodies began to form. Later, 
only free ‘*spores’’ were seen, and these became more numerous as the age of the 
culture inereased and were much more numerous than in cultures in the biphasic 
ege-slope medium. 

Use of Medium in Testing Materials for Amebacidal Action.—Stocks of 
trophozoites were maintained for the tests by making parallel subcultures at 
intervals of two days. Cultures for the tests were inoculated from a pool of 
sediments, 14 ml. of the uniformly dispersed pool being used for each inoculum. 
The test agent was added immediately after inoculation, and the fate of the 
cultures was determined by examination and subcultures at the end of forty- 
eight hours of incubation. 

More than 300 chemicals have been tested in this medium for possible 
amebacidal action. These included the cenventional amebacides'* as well as 
plant extracts, antibioties, and synthetic agents. The synthetic agents tested 
included phenyl arsonie acids, arsenoxides, hetero-evelie compounds including 
halogenated hydroxy quinolines, and acridines, substituted ethylene diamines, 
other aromatics including substances related to Benadryl, isothioureas, aliphatic 
auines, nitrites, quaternary ammonium compounds, and lactones. Only those 
agents showing activity comparable to that of emetine were considered for 
further study in vivo, and these have been referred to in other publications 
trom this laboratory. 

The dilutions found effective in this medium were compared with those 
showing amebacidal activity in the diphasie medium.’ Contrary to our expec- 
tations, the agents were not uniformly more effective in the liquid medium. 
Rather, the level of activity relative to that in the egg-slant medium depended 
upon the nature of the agent. Emetine, as the standard for comparisons, was 
tel. to twenty times more active in the liquid medium than in the egg-slant 
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medium, <A series of substituted aliphatic amines were ten to forty times more 


effective, and some acridine derivatives were two to ten times as effective. On 


the other hand, the arsenoxides showed somewhat less activity, being apparently 


partly antagonized by the high level of cysteine in the medium. 


There was some indication that less variability in end point could be ex 


pected in tests in this medium compared with the egg-slant medium. Tests set 


up in duplicate gave the same end point in parallel tests. However, a fourfold 


difference in end points may be obtained in tests set up on different occasions. 


It was noted that the activity of emetine hydrochloride appeared to be 


much less in this medium than reported by Laidlaw and associates? in liquid 


media. It is suggested that this was due to the relatively greater acidity of the 


liver-proteose-peptone medium. The range of amebacidal activity of emetine 
hydrochloride was from 1/100,000 to 1/400,000. 


SUMMARY 


An essentially liquid medium prepared with readily available dry ingre 


dients is described for the cultivation of EF. histolytica associated with a mono 


bacterial flora. The use of the medium is illustrated by application to the 


in 





vitro testine of the amebacidal action of new agents. 
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POURED PETRI 





SECURING UNIFORMLY MIXED 
PLATES BY MECHANICAL MEANS 


A METHOD 





FOR 


LEON BUCHBINDER, PH.D., AND ELIZABETH DILLON 
New York, N. Y. 


NE of the most physically tiresome procedures in a laboratory that uses 
O inoculated poured Petri plates in great numbers is the rotation of these 
plates by hand to secure even distribution of inoculum. Fatigue of the hands 
which follows an hour or more of pouring in this manner is frequently accom- 
panied by unsatisfactory rotation and uneven distribution of resultant colonies. 

A method whereby the rotation of Petri plates is mechanized and thus the 
process of pouring plates accelerated and the mixing of inoculum made more 
uniform was devised in this laboratory several years ago. It has been in use 
since then and has resulted in the pouring of countless thousands of uniformly 
mixed plates. The method consists of the use of a rotating platform, in this 
instance a Boerner rotator* although other similar rotators may be used. A 
typical operation in our Milk Laboratory is as follows. From one to nine 
plates, usually six, first are inoculated with diluted material to be tested and 
then are placed on the rotating platform. The switeh is turned on. While ro- 
tation is taking place, each Petri dish cover is lifted in turn and the agar is 
poured in. The machine is turned off either when by visual inspection the 
mixture is seen to be homogeneous or after a stated time interval. The degree 
of shaking of the rotator can be adjusted so that splashing of the contents on 
the lid is prevented. Although the apparatus has a timing device, it has not heen 
used for this work. 


From the Bureau of Laboratories, New York City Department of Health. 
Received for publication, Oct. 10, 1949. 
*A, H. Thomas Co., Philadelphia, Pa. 
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FOR MALIGNANT CELLS 
SECRETIONS 





IN VAGINAL 


Locke L. MAcKENzIr, M.D., AND DorotHea FULLER, B.S., M.A. 
New York, N. Y. 


N” STAIN exists at present which will differentiate normal cells from malig 
nant cells in vaginal secretions. The purpose of this work is to describe a 
rapid differential stain for cancer cells in vaginal smears. 

In 1948 Strauss, Cheronis, and Strauss! reported a differential reduction of 
tripheny! tetrazolium chloride by carcinomatous tissue as compared with normal 
tissue. 

Tetrazolium salts result from the oxidation of colored ring compounds called 
formazans. This oxidation is usually brought about by the action of lead tetrac 
etate under anhydrous conditions. The salts are water soluble and colorless. 
Their solutions, in contact with certain reductases in livine tissues, are reduced 
again to colored formazans. They were first prepared by Pechman and Runge 
in 1894, then investigated by Kuhn and Jerchel.’ Lakon* in 1942 used them 
to test the viability of seeds. Dutcher’ later called attention to their usefulness 
in connection with Lakon’s work. Since then other investigators, Cottrell,’ 
Mattson, Jensen, and Dutcher,’ Porter, Durrell, and Romm,* and Waugh,” hav: 
confirmed Lakon’s work and indicated that triphenyl tetrazolium chloride salts 
may be useful to detect differences in viability of tissues, as they are reagents 
capable of reacting with enzymes in the chain of glycolytic fermentation. 

In 1943 Warburg and Christian'’ showed that the plasma of animals with 
large sarcomata contained an increased quantity of zymohexase. They postulated 
that, in contradistinction to normal mammalian cells, the tumor cell obtains 
energy from glycolysis even in the presence of available oxygen. It appeared 


to Strauss, Cheronis, and Strauss! 


that neoplastie cells should therefore reduc 
tetrazolium salts at a faster rate than normal cells. These investigators took 
segments of malignant tissue and immersed them in 1 per cent aqueous tripheny! 
tetrazolium chloride at room temperature (87° ©.) for twenty minutes. The 
found that the carcinomatous tissue turned a ruby red while normal tissue 
remained unstained. When these tissues were examined microscopically it was 
found that a diffuse red pigment was distributed both within the cancer cells 
and within the stroma. 

In vivo, a gauze pack saturated with this salt and placed in contact with a 
suspected ulcer of the tongue in one instance and with an ulcer of the anus in 
another instance, turned typically red; pathologic sections of these lesions dis 
closed carcinoma. 


From the Department of Obstetrics and Gynecology, the Post-Graduate Medical Sech« 
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Because of these interesting observations, an attempt was made to utilize 
this dve as a differential intravital stain in vaginal smears and cervical serap- 
ings. Vaginal secretions were obtained in the usual manner using a Papani- 
colaou pipette.!’ Cervieal scrapings were made with a variety of instruments. 
The material in each instance was placed on a petrolatum ringed slide contain- 
ing 1 per cent aqueous 2, 3,5 triphenyl tetrazolium chloride, mixed, and covered 
with a cover slip. As a control, slides also were made in the usual fashion, fixed 
in ether-aleohol, and stained by Papanicolaou’s'! technique. 

Results of these tests were erratic and inconclusive when the slides were 
left at room temperature and examined in twenty, forty, and sixty minutes. 
However, if they were placed on a warming table at 387° C. for twenty minutes 
in the light, and if Ringer’s solution was used instead of water as a diluent for 
the tripheny] tetrazolium chloride, the results were more accurate and clear cut. 

Kighty-four cases were studied by this method. These comprised instances 
of chronie cervicitis, leucoplakia, cervical polypi, endocervicitis, vaginitis, endo- 
metrial hyperplasia, squamous metaplasia of the cervical glands, adenocarcinoma, 
and squamous carcinoma. 

In all instances in which carcinoma was present, cells loaded with large 
orange or red globules were noted. The particles were usually round or roughly 
polygonal. As many as fifty or sixty might be present in the cell. There was 
a tendency for them to be arranged around the nucleus, often in a horseshoe 
pattern. Such bodies also were noted outside the cell at times. Occasionally 
there seemed to be a tendeney for the bodies to coalesce into a much larger, 
irregular red globule. Cells from the deeper layers of the squamous epithelium 
were more often filled with these red bodies. 

In certain nonmalignant conditions cells also were seen to contain red glob- 
ules, but these appeared much finer and smaller than those seen in carcinoma. 
They also tended to be more widespread, often covering large numbers of cells as 
well as areas in whieh there were no cells. Here the pigment resembled a pre- 
cipitate more than a cell inclusion. Many bacteria took a brilliant red stain. 
If a piece of cervical gland was scraped off, it generally contained certain cells 
in which were many of the fine red globules, and often a diffuse red pigment was 
noted all over the gland. However, in most of the nonmalignant conditions, 
nothing turned red. 

One disadvantage noted in this stain is the fact that it may fade within 
twenty-four hours, and, up to the present time, no way has been discovered to 
make the red color permanent. If the slide was fixed in ether, alcohol-ether, 
methyl aleohol, acidified aleohol-ether, or Formalin aleohol-ether, no red bodies 
remained even in eases of carcinoma. Drying produced precipitation and marked 
distortion of the cells. The color faded rapidly in Paragon mounting medium. 

It would appear from this preliminary work that tetrazolium chloride will 
Stain vaginal seeretion in fresh preparations. If the patient has a malignant 
lesion of the genitalia, a more or less typical configuration of red globules ap- 
pears in certain cells. These are seen within a few minutes and have not been 


observed in a small series of nonmalignant conditions. The stain is not, how- 
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ever, entirely differential, since somewhat similar red globules also appear in 
nonmalignant conditions. It may be possible in the future to be able to dis 
tinguish between a ‘‘malignant reaction’’ and a ‘‘nonmalignant reaction.’ 
Further work is needed to attempt to fix the color permanently in the cell. In 
the meantime, the stain provides a rapid screening technique and might prove 
to be of definite value in cytologic work. 
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AN APPARATUS FOR EXERCISING A PATIENT IN THE 
RECUMBENT POSITION 


GERALD J. Bronrin, M.D., Stpney H. Dressuer, M.D., AND A. Ravin, M.D. 
DENVER, COLo. 


N APPARATUS has been designed in order to exercise patients who are 

being studied by the technique of right heart catheterization, the latter 
procedure necessitating the supine position while the patient is being exercised. 
The work is done by the lower extremities and the motion used is comfortable 
to the patient. Considering the wide range available in stroke distance and 
weight lifted, the apparatus is relatively simple in construction and compara- 
tively inexpensive to build. 

The apparatus is made of aluminum and is bolted in its proper position to 
the end of the table. The patient’s feet are strapped into the pedals (A) 
(Fig. 1) and the work consists of raising weights (B) by pushing the pedals 
tu the machine. The pedals are attached to three-fourth inch square aluminum 
bars ((), seventeen inches long, by means of a spring hinge (D). <A leather 
washer (£) cushions the shock eneountered at the end of the stroke. The hinge 
permits the pedal to tilt as the foot is drawn back (Fig. 2) and is of great im- 
portance in facilitating motion and providing comfort while exercising. The 
aluminum bar moves between four brass spools (7). Attached to the end of the 
bar, opposite the pedal, is an airplane strut steel wire one-eighth inch in diame- 
ter. This goes through a vertical hole at the end of the bar and is knotted on top 
to hold it in place. A set serew (G@) at the end of the bar can also be tightened 
to fix the wire. From its set position, the wire travels underneath the bar to 
the brass pulley (47), then down to the pulley 7, and back up through a hole in 
the bottom plate of the apparatus. It is knotted above the plate at this point 
to fix it. Pulley 7 is used because it was found that by decreasing the distance 
through which the weights moved by half and doubling the weight, the swinging 
motion of the weights was markedly decreased. The bar has a series of hori- 
zontal holes in it. A small iron pin (J) fits these holes and is held in place by 
a short section of snugly fitting rubber tubing on each side. The small pieces of 
rubber on the pin strike the metal plates (A) and prevent a noisy metal-to- 
metal clash. By putting the pin in the first hole in the bar, the pedals are kept 
tightly against the apparatus when not in use (Fig. 1, pedal on the left). The 
next hole is 6 inches from the first and when the pin is in this position it per- 
mits the weights to push the pedal out a distance of 6 inches. There are holes 
at successive 1-inech intervals permitting a stroke distance up to 13 inches (Fig. 
1, pedal on the right). A eounter (ZL), activated by the pin, is attached to the 
apparatus and records the number of strokes. The two upright rods (4M) per- 
mit raising and lowering of the apparatus as desired. 
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This work was supported by a grant from the Life Insurance Medical Research Fund, 

Received for publication, Oct. 28, 1949. 


31 














315 BRONFIN, DRESSLER, AND RAVIN 























apparatus bolted in position to the end of a table. 
for explanatory remarks. 


Fig. 1.—Drawing of exercise 
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In operation it has been found that most patients prefer to push the pedals 
in together rather than alternately. The stroke distance through which the 
weights move is adjusted to fit the individual patient. The foot pounds of work 





- 





Fig. 2.—Photograph of exerciser in use. Note plantar extension of feet allowed by spring- 
loaded hinge attached to pedals. 

done per minute is easily obtained by multiplying half (due to pulley J) the 

total weight by stroke distance in feet times the number of strokes per minute. 

As much as 1,150 foot pounds of work per minute can be accomplished on this 

apparatus. 











PYRUVIC ACID DETERMINATION: A MICROMETILOD 


Makepeace U, Tsao, Pu.D.. ANd SHIRLEY Brown, M.S. 
ANN ARBOR, MICH. 





- OUR study of premature infants the need for a microscale method to deter- 
mine pyruvic acid in blood and urine arose. The method by which the most 
satisfactory results were obtained on a macroseale was that of Friedemann and 
Haugen'; therefore, this was chosen for a microadaptation. Many modifica- 





tions in technique and apparatus have been introduced to facilitate the actua 
procedure and to increase the reproducibility of the results. The method to bi 
described requires a sample of 0.1 ml. of either blood or urine; hence, it is pos- 
sible to use a capillary blood sample for the analysis. The use of capillary blood 
directly measured into a bleod pipette renders possible a quick precipitation of 


proteins before any change of pyruvic acid content occurs. 


METHOD 

Apparatus. 

Pipettes. 0.1 ml, Normax, to contain micropipette* for collecting the blood sample. 

Constriction type of pipettest of the following eapacities: 18, 83, 75, and 100 cubi 
millimeters, 

Reaction tubes. Pyrex test tubes, 70 by 7 mm., have been tapered at the closed end 
to facilitate centrifugation and separation of layers. These tubes may be stoppered by 
No, 000 corks covered with carefully cleaned cellophane or by ground-glass stoppers. — In 
this laboratory the glass stoppers have given more consistent results. 

Kahn shaker. 

Beckman spectrophotometer and microattachment. 4 

Wicrocuvettes} (2 by 10 by 25 mim, 

Rheagents.— Reagents used are exactly the same as that described by Friedemann ani 
Haugen! except that the sodium hydroxide is approximately 7N. The protein precipitant 
employed is 10 per cent solution of metaphosphorie acid, and pyruvic acid§ redistilled i 
vacuo2 is used to prepare standards. 

Collection, Preservation, and Treatment of Sample, (a) Blood is obtained from 
skin puncture of the finger of an adult or the heel of an infant. The skin area is thoroughly 
cleaned with alcohol and dried, then completely covered with Vaseline (petrolatum U.S.P. 
A stab is made with a Bard-Parker Blade #11. From a free-flowing wound a sample is 
collected directly into a dry and clean 0.1 ml, Normax micropipette. (Triplicate sampling 
from the same wound is advisable. ) 

The sample is immediately delivered into 0.5 ml. of protein precipitant in a 5 ml, Pyrex 
centrifuge tube. The pipette is thoroughly rinsed out with the solution, After thirty minutes 


2 D00 r.p.m. 


of standing, the tubes are centrifuged for ten minutes at 
(b) Urine samples are collected and preserved according to Friedemann and Haugen. 


To remove interfering material, 0.75 Gm. of Lloyd’s reagent is added to each 10 mil. ¢ 


From the Department of Pediatrics and Communicable Diseases, University of Michiga! 
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*Obtainable from Kimble Glass Division, Vineland, N. J., Cat. #37051. 

*Constriction pipettes were fabricated in our laboratory but may be obtained from 
H. Thomas Co., Philadelphia, Pa. 

tMicrocuvettes and microattachment are obtainable from Pyrocell Manufacturing © 
207-11 East 84th Street, New York 28, New York. 

§Paragon 5300 from Paragon Testing Laboratories, Orange, N. J. 
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strongly acidified urine; this is mixed thoroughly and centrifuged immediately. As an al 
ternative procedure, especially when only a small urine sample is available, 40 mg. of Lloyd’s 
reagent may be added to the 0.5 ml. of metaphosphorie acid solution into which 0.1 ml. of 
urine has been pipetted. Excess Lloyd’s reagent will interfere with analysis. In case the 


pyruvic acid content of the urine sample is too high, an adequate dilution should be made 





to bring it down within the optimum range of this method. 


Procedure.—After the centrifugation of the precipitated blood sample or diluted sample 
of urine, 0.1 ml. of the clear, supernatant metaphosphorie acid solution is transferred to a 
small reaction tube, using a constriction pipette (see Apparatus). There is sufficient super- 
natant liquid to run triplicates on each ‘* filtrate.’’ 

Thirty-three cubic millimeters of 2,4-dinitrophenylhydrazine reagent are then added to 
each tube and mixed by shaking. To this mixture is added 100 cu. mm. of xylene. The 
tubes are stoppered and shaken in a horizontal position for two minutes with a Kahn shaker. 
\ wooden block with holes drilled to accomodate these tubes is used. This block is placed on 
its side and pressed tightly into place by the adjustable clamp. The stoppered ends of the 
tubes are pressed against a foam rubber sheet to avoid breakage. Then the tubes are centri 
fuged at 2,500 r.p.m. for five minutes. 

The bottom layer is completely removed and discarded by means of a fine capillary 
pipette. The hydrazone of pyruvic acid is then extracted from the xylene layer by adding 


100 eu. mm. of 10 per cent sodium carbonate solution and shaking for three minutes. Sub 


i 
sequently, the tubes are centrifuged at 2,500 r.p.m. for six minutes, 

With a constriction pipette, 75 cu. mm. of the lower carbonate layer is transferred to 
& microcuvette, 2 by 10 by 25 millimeters. Care should be taken so that no xylene is trans 
ferred to the microcuvette or turbidity will result. Then 18 cu.mm. of approximately 7N 
sodium hydroxide are added and the contents of the cuvette are mixed immediately by blowing 
air gently through the pipette. The optical density at a wave length of 520 mu is read in 
«a Beckman spectrophotometer with the microattachment properly aligned. The apparatus 
is set to 100 per cent transmission (0.000 optical density) by means of a water blank, All 
readings must be made between two and three minutes after the color is developed. 

Cleaning of cuvettes is facilitated by sucking solutions out with a No, 25 hypodermic 
needle covered with fine elastic tubing* and attached to an aspirator. This technique 
eliminates the danger of seratching the walls of the cuvettes and the necessity of removing 
the cuvettes from the carriage. When solutions are sucked out in this manner, it is un 
necessary to clean cuvettes between samples unless concentration differences between them are 
considerable. 

Standard solutions containing 1.00, 3.00, and 5.00 mg, per cent pyruvic acid are pre- 
pared from the 100 mg. per cent stock standard. These standards and the reagent blank are 
run simultaneously and in triplicates in exactly the same manner as blood and/or urine 
samples. 

Calculations.—The reagent blank is subtracted from all values, and the cuvette blank, 
if any, is also corrected to obtain the true optical density corresponding to pyruvie acid in 
the sample. A linear relationship has been found to exist between the optical density thus 
obtained and concentration of pyruvie acid standards which lie within the range of 0.5 to 
10 mg. per cent. 

RESULTS 

In all the experiments deseribed here, reaction tubes with glass stoppers 
were used. 

Reagent Blank.—The reagent blank has consistently given high readings, 
ranging from an optical density of 0.040 to 0.060, or an equivalent of 0.25 to 
0.50 me. per cent. 


: *This tubing has an inside diameter of .02 in. and an outside diameter of .051 inch. It 
is obtainable from Surprenant Electric Insulation Company, 84 Purchase Street, Boston, Mass. 
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Careful study of each reagent revealed that the yellow color of the reagent 
blank was due to phenylhydrazine reagent, and to this reagent only. An un- 
successful attempt to reduce the color present was made by re-extracting the 
sodium carbonate layer with xylene; the color persisted. 

Extraction—At first a vigorous agitation by the use of the ‘‘whirling 
nail’’ device* was employed for the extraction of the phenylhydrazone of pyruvic 
acid from the aqueous layer with xylene. With blood ‘‘filtrate,’’ an emulsion 
invariably formed. Centrifuging at 3,000 r.p.m. for one hour, increasing the 
density of the aqueous layer by addition of inorganic salt, and adding capry] 
aleohol, all failed to break up this emulsion completely. Use of the Kahn shaker 
gives satisfactory extraction without the formation of emulsion, as well as con- 
siderable saving of time when large numbers of tubes are to be handled. 

A study of the effect of shaking time on the completeness of the two ex- 
tractions was made. No significant difference in the results was found whether 
the reaction tubes were shaken at one, two, three, or five minutes. 

Color Development and Optimum Range.—Seven normal sodium hydroxide 
was chosen because it was the lowest normality which would give a deep enough 
color for a fairly broad range of readings with blood samples and would still 
be adequate for urine samples of high pyruvie acid concentrations. Thus, the 
urine and blood samples may be run at the same time and the pyruvie acid 
content read from the same standard curve. Readings on the final solution were 
made immediately after the color was developed, five minutes later, and ten 
minutes later. It was found that there was fading during the ten-minute period. 
But there was no difference in our final values provided all readings were made 
after the same time interval following color development. By plotting the light 
transmission against the logarithm of the concentration according to Ringbom, 
it was found that this colorimetric method has maximum accuracy between 10 
and 90 per cent transmission or what corresponds to approximately 0.5 to 10 
mg. per cent pyruvic acid. 

Reproducibility of Method.—Repeated analyses were run on each single 
sample of human blood and urine. The results are shown in Table I. 


TABLE I. REPRODUCIBILITY OF MICROMETHOD 





PYRUVIC ACID DEVIATION PYRUVIC ACID DEVIATION 

BLOOD (MG. %) FROM MEAN | URINE (MG. %) | FROM MEAN 
“A 1 1.83 +0.09 | A 1 2.03 70.05 
9 1.76 40,02 2 203 0.05 

| 

B 3 1.70 -0.04 | 3 1.95 0.03 
4 1.66 -0.08 B 4 1.9] 0.07 
5 1.70 -0.04 > 1.99 +0.01 
6 1.70 -0.04 | 6 1.98 +0.00 
C 7 1.70 0.04 C 7 1.89 0.09 
8 1.74 +0.00 8 2.02 40.04 
9 1.74 +0.00 9 1.97 0.01 
10 1.82 40.08 10 1.99 40.01 
Mean 1.74 +0.04 Mean 198 +0.04 
~ Standard deviation +0.05 Standard deviation +0.05 





The letters A, B, and C refer to different ‘filtrates’ from three separate metaphospho! 
acid precipitations of the same sample. 
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Comparison With Macromethod.—Adult human blood and urine samples 
were analyzed simultaneously to determine how well the microadaptation checks 
with the macromethod. Table IT lists the results of the comparison. 





TABLE II. COMPARISON OF MICROMETHOD WITH MACROMETHOD 


PYRUVIC ACID (MG, Lo ) PYRUVIC ACID (MG, Uf ) 
SAMPLE MACROMETHOD MICROMETHOD SAMPLE MACROMETHOD MICROMETHOD 
Blood I 1.90 1.85 Urine | 2.80 3.00 
Blood II AP | 1.48 Urine II 1.00 1.00 
Blood III 1,52 1.56 Urine III 0.94 0.99 
Blood IV 1.72 1.60 | Urine IV 2.47 2.60 
Blood V 1.22 1.19 Urine V 1.01 1.1] 


Values given are averages of triplicate analyses on each sample. 


Recovery Study.—-Blood and urine samples were precipitated with meta- 
phosphorie acid containing no pyruvie acid and with precipitant containing 
various but known amounts of pyruvie acid. The ‘‘filtrates’’ were then analyzed 
in triplicate for pyruvie acid as described under Procedure. The results of this 
recovery study are shown in Table ITI. 


TABLE III. RECOVERY oF PyrRuvic AcID FrRoM BLOOD AND URINE 


AMOUNT OF 


PYRUVIC ACID IN | PYRUVIC ACID AMOUNT PER CENT 

SAMPLE SAMPLE (MG. %) ADDED (uG) RECOVERED (uG) RECOVERY 
Blood 1.52 0.50 0.47 94 
1.00 0.94 94 
Blood 1.74 1.50 Loe 102 
2.00 2.08 104 
Blood 0.93 1.00 1.05 105 
2.00 1.99 100 
Urine 2.70 1.25 1.25 100 
2.50 2.00 103 
5.00 4.82 96 
Urine 1.78 2.00 1.87 94 
4.00 3.99 100 
Urine 1.63 3.00 Zita 90 
6.00 5.87 98 


SUMMARY 


A microcolorimetrie determination of pyruvie acid in blood and urine has 
been presented. The optimum range and reproducibility of this method were 
determined. A comparison with the macromethod and a recovery study were 
made. With this method 0.5 to 10 »g of the acid may be determined. 
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A SUCTION TUBE FOR THE COLLECTION OF RESPIRATORY GASES 
UNDER DIVERSE CONDITIONS 


C. A. Forssanprer, M.D. 


PHILADELPHIA, PA, 

HIS modification has been developed as a result of experience with a tube de- 

scribed in an earlier communication,’ which was later incorporated into an 
automatic device for the collection of alveolar air by means of a preliminary 
suction procedure.” It presented a means of obtaining samples of alveolar air 
comparable with Haldane-Priestley expiratory samples without cooperation from 
the subject, and without interfering with the respiratory pattern, 

An advantage of the tube to be deseribed is that, by combining the pre- 
liminary suction principle with the smaller evacuation used in the tube referred 
to previously, it is possible to reduce the time factor by about one third. This is 
of great importance in all multiple sampling procedures, and in any experiment 
in which end-expiratory samples are required. 

The present apparatus consists (Fig. 1) of a 10 ml. glass barrel into which 
the sample is taken (the volume of this barrel can be varied according to the 
size of samples that will be required), with a two-way stopcock of 2 mm. bore at 
the lower end leading to a mercury reservoir through three feet of plastie tube, 
containing sufficient mercury to evacuate the sampling barrel. At the upper 
end of the sampling barrel is a large elass three-way oblique 4 to 5 mm. bore 
stopcock. The upper bore is reamed out in order to increase the speed of evacua 
tion. Attached to the upper inlet of the stopcock is a rubber bulb (Politzer Air 
Syringe, No. 288, of 180 ml. capacity). These bulbs have a smal] inlet ball valve 
on the side which ean be reversed to permit rapid evacuation; it is advisable to 
apply a piece of rubber tube to the valve, fitted with a spring clip, in order to 
reinforce the valve if the latter is not efficient by itself. 

The rubber bulb is evacuated prior to use by squeezing it with its valve 
open. The sampling barrel is evacuated by first filling with mercury by lifting 
the reservoir, closing the upper cock, and then lowering the reservoir until only 
a small amount of mercury remains in the barrel; the lower cock is then closed. 

In order to take a sample the upper stopeock is taken through one complete 
rotation, which first brings the inlet lead into communication with the rubber 
bulb and then with the sampling barrel. This not only removes about 150 ml, ot 
gas from the respiratory dead space by means of the automatic opening of the 
rubber bulb, but also washes out the supply lead with respiratory gas, so that 
when the rotation of the cock is continued to the point where the barrel is open, 
an undiluted sample will be taken into the barrel. 


' ’ { 

In using the tube, it has been found advisable to run the lead to the mouth, 

and to shut off connection with the room air just before sampling; this latte 
; ae f 
movement must be carried out rapidly in order not to interfere with respiration | 
—— ( 
From the Department of Physiology, School of Medicine, University of Pennsylvania. *) 
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SUCTION TUBE FOR COLLECTION OF RESPIRATORY GASES 
In order to fill both these requirements, a three-way tap was constructed of glass 
Mig. 2) with a barrel of 3 in. diameter. The three side tubes are between 1 and 
2 in. long and 84 in. in diameter, one being fitted with a rubber mouthpiece. An 
opening in the lower side of the mouthpiece tube admits the curved sampling 
lead, fitted into a rubber stopper. The rotating portion of the tap has an 
L-shaped passage, so that communication may be made with either side arm, or 


com pletely closed off. 





The apparatus can be used for collecting respiratory gases at various phases 
of respiration, and by varying the size of the bulb used, or by using several 
tubes in parallel, known amounts of gas can be removed from the dead space 
prior to sampling. By using the second side arm of the tap (Fig. 2) for intro- 
ducing gas mixtures, the effect of inspired gases on the respiratory gases can be 
determined. The advantage in this case is that the dead space air can be removed 
at the end of a normal expiration by means of the bulb, and the subject is then 
immediately connected with the gas mixture in time for his next inspiration and 
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does not, therefore, have to inhale the contents of his dead space before coming 
into contact with the introduced gas. The tube is then used for sampling at the 
end of any succeeding expiration. 

In order that the entire procedure may be carried out with one hand, with 
a further gain in speed and simplicity, the two-way tap described above may be 
replaced by the sampling device described in another communication,’ with the 
following modifications. The sampling tube deseribed above is attached to the 
apparatus in the same manner as the earlier one, but the rubber bulb on the 


Fig. 2. 1, Opening for mouthpiece; B, sampling inlet, leading to sampling tube; ¢ 
opening for breathing room air, with rubber indicator; D, opening for gas mixtures; £, 
rotor, with L-shaped internal passage. 


apparatus is no longer necessary. Therefore only a single tube need run to the 
mouth for sampling. At the outlet-inlet a three-way cock or simple slide valve 
may be fitted which enables the subject to be switched from room air to gas 
mixture without turning the sampling tap. The cock or slide valve has three 
openings: one to room air, a small middle one to which is attached a rubber 
bulb of the same type as is fitted to the sampling tube, and a third to which is 
attached the supply of gas mixture. The gas mixture may enter from a eylinder, 
provided that it enters through a rubber bag of about 2 liters capacity fitted 
with an expiratory valve in order to equalize the pressure.* 

For sampling alveolar air whilst breathing room air, the tap of the apparattis 
is merely turned rapidly through a full rotation at the end of a normal expi''a 
tion. If the glass cock of the sampling tube has been reamed out efficiently, 11¢ 


movement can be rapid and continuous. 


*A suitable piece of apparatus of this type has been constructed by Mr. Otto Hebel, 
strument Maker at the Edward Martin Biologica] Laboratory, Swarthmore College. 
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or sampling during the breathing of gas mixtures, the slide valve or cock 


is pushed from the room air aperture to the mixture aperture at the end of an 


expiration. This also clears the deadspace in the one movement by means of 
the rubber bulb. After the required number of breaths of the mixture, the 
sampling tap is turned through a complete rotation, and the valve returned 
to room alr, 

If the Scholander method of gas analysis is used it is advantageous to use 
a small rubber stopper, perforated by the transfer tube deseribed in an earlier 
communication,’ which can be inserted in the inlet of the sampling tube when 
it is removed from the apparatus for analysis. 

This procedure can be carried out without cooperation from the patient and 
has been found suitable for the determination of venous alveolar air concentra- 
tions during the estimation of the cardiae output by a carbon dioxide equilibra- 
tion method.® 

The apparatus described was made up in this Department by Mr. J. D. Graham. 

Part of the cost of the work was supported by a grant from the American Heart 
\ssociation, 
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KFFECT OF REFRIGERATION ON THE EHRLICH REACTION 
IN THE URINE 
MARJORIE KNOWLTON, B.S. 


BAYREUTH, GERMANY 


Aspe amin variation exists in the exeretion of urobilinogen in the 
urine during the twenty-four-hour period of the day, and it has been shown 


that, when collections are made every two hours, the maximum exeretion occurs 
between two and four o’cloeck in the afternoon in a significant percentage of nor- 
mal persons and patients with hepatic disease.''* Others*® have reported less 
constaney in the occurrence of maximum excretion in the afternoon and de- 


scribed greater diurnal variation, not only in groups but also in individual pa- 
tients. Reeent studies in this laboratory of American troops with viral hepatitis 
corroborated the results of previous investigations’ of this disease and showed 
that 53.3 per cent of one group of such patients excreted the maximum amount 
of urobilinogen in the period between two and four o’clock in the afternoon. 
Collection and examination of large numbers of specimens of urine late in 
the afternoon present certain difficulties in relation to other responsibilities of 
the wards and laboratory at this time. Because of this, an attempt was made to 
determine the feasibility of delaying the examination for urinary urobilinogen 
until the morning following collection of the specimen. It is the purpose of this 


paper to describe the results of this study. 


METHODS AND MATERIALS 


One hundred and ninety samples of urine from patients in various phases of viral 
hepatitis were examined. The Ehrlich reaction was determined according to the method 
of Watson and co-workers! immediately after the collection of urine, in the period from 
nine to eleven o’clock in the morning. At the time of this test, the remainder of the 
specimen of urine, which had been collected in a brown bottle, was stoppered and placed 
in the refrigerator, without light, at a temperature of 37° F. The next morning, afte: 
approximately eighteen hours, the urine was allowed to warm to room temperature and _ thi 


Ehrlich reaction was determined again. 
RESULTS 

The results of the two tests on 190 specimens of urine were as follows. Be 
fore refrigeration, 108 samples of urine had less than 1.4 Ehrlich units (E. U.) 
Kighty-two samples had an Ehrlich reaction increased above normal (> 1.4 
EK. U.), and of these, 69 (84.1 per cent) still had abnormal Ehrlich reactions 
after eighteen hours of refrigeration. Analysis of the 13 specimens in which the 
Ehrlich reaction diminished from abnormal to normal amounts after refriger: 


From the Hepatitis Center, 120th Station Hospital, European command. 
: This work was conducted under the auspices of the Commission on Virus and Rickett 
sial Diseases, Armed Forces Epidemiological Board, Office of The Surgeon General, Unit: 
States Army, Washington, D. C. 
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*Maximum normal determination in this laboratory. 
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tion revealed that 11 of them had 1.4 to 2.0 E. U. at the first examination, while 
only two had more than 2.0 E. U. at the first examination. 
Fifty-five samples of urine had more than 2.0 E. U. before refrigeration, and 


42 of these had a lower reading in the second test although, as mentioned, only 
two had less than 1.4 E. U. In 13 of these 42 specimens of urine, the decrease in 
Khrlich units in the second test ranged from 20 per cent to 60 per cent; in 29 
specimens the decrease was less than 20 per cent. 


SUMMARY AND CONCLUSIONS 


One hundred and ninety specimens of urine, collected from nine to eleven 
o’elock in the morning from patients with viral hepatitis, were tested for the 
Khrlich reaction immediately after collection, and again after eighteen hours of 
refrigeration. 

Thirteen specimens with Ehrlich units increased above normal at the first 
test had normal determinations after refrigeration for eighteen hours. Eleven 
of these 13 specimens had 1.4 to 2.0 E. U. at the time of the first test, and only 
two of them had more than 2.0 E. U. 

The decrease in Ehrlich units after eighteen hours of refrigeration ranged 
from none to 60 per cent, so that if the original amount in the urine was over 
2.0 EK. U., the chance of still finding the Ehrlich reaction abnormal (> 1.4 E. U.) 
was excellent. Since the increase of nonurobilinogen substances which give the 
color reaction with Ehrlich’s reagent is roughly proportional to the increase of 
urobilinogen, the determination of an abnormal reaction (> 1.4 E. U.) after 
eighteen hours of refrigeration would suggest that the amount of urobilinogen 
had been increased above normal. 

While not recommended as a standard procedure, the preservation of urine 
in brown, stoppered bottles overnight by refrigeration for later determination of 
the amount of Ehrlich units may be permitted, if attention is paid to the limita- 
tions outlined here. 
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Erratum 


In the article by Schneider, Levin, and Haggard, ‘‘Carbonie Anhydrase Activity in 
Sickle Cell Anemia, Sickle Cell Trait, and Pernicious Anemia,’’ in the September issue of 


the JouRNAL, in Table I, section 4, page 1250, the first figure in the last column should read 


1300 instead of 680; the headings of the last columns in Table I should read Carbonie Anhy 


drase (Enzyme Units/100 ¢.mm.). In Table IIT, page 1251, the last column heading should 


read Carbonie Anhydrase Content of Plasma (Enzyme Units/100 ¢.mm.). 








